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view, he took to be a distinct advantage. It lent freedom 
to the discussions which would take place; but, on the 
•other hand, it must not be supposed that the Government 
of this country did anything else but take a keen interest 
in the proceedings of the congress, and they were well 
aware that the public departments concerned with the 
subjects for discussion hoped to learn much in the course 
of the next few days. He hoped that the result of their 
meeting might have the best possible effects. It must be 
a good thing for those belonging to different nations and 
used to different systems to interchange ideas and to 
engage in a most honourable and friendly rivalry as to 
which nation and which system could best carry out the 
objects they all had in view. He hoped, therefore, that 
their meetings might leave some permanent mark on the 
subjects, and that their deliberations would do much to 
advance the knowledge of school hygiene, and to remove 
what they must all regard as having been a serious blot 
on the civilisation of the world. 

After speeches by Lord Londonderry and Lord Fitz- 
maurice, Sir Lauder Brunton delivered his presidential 
address, from which we print the following extracts :— 

After welcoming the delegates, he said that he was sure 
that the first duty which they would wish him to per¬ 
form as their president was to voice their thanks to the 
King, patron of the congress, for the gracious welcome 
which they had received from him through his repre¬ 
sentative, Lord Crewe* But it was not for words of 
welcome alone that the congress owed a debt of gratitude 
to His Majesty. It had also to thank him for most sub¬ 
stantial help at a critical time. A fortnight ago things 
seemed to be going all wrong with the congress; it 
threatened to be more or less of a failure. At this 
juncture, through the kind intervention of Mr. Alfred 
de Rothschild, His Majesty graciously granted him (Sir 
Lauder Brunton) a personal interview, and asked him to 
explain the circumstances. He did so, and in a few 
minutes the King had put everything right, and things, 
which had been going all wrong before, from that moment 
went right, and the congress which threatened to be more 
or less of a fiasco now bid fair to be a brilliant success. 
Its success would not be due only to the numbers attend¬ 
ing it nor to the enthusiasm of its members, but to the 
work which the^ trusted it would accomplish, not only 
during the time of its sitting, but after it was over, for 
they hoped that arrangements would be made by which 
its work would become permanent, and would be carried 
on in the intervals between successive congresses. For 
his services tpy-fcjie congress the King not only deserved 
the gratitude of .the congress itself, but also of all school 
children, borri «nd. yet unborn, who might owe to its 
labours health, strength, and happiness. 

They were met from every part of the civilised world, 
throwing aside every subject of disagreement, and were 
intent only on one common object—the health of the 
children. Parental affection was one of the strongest and 
most fundamental instincts, not only in man, but even in 
the lower animals. They all desired that their children 
should grow up healthy, strong, and happy; and they 
were all anxious to take the best means at their disposal 
to obtain such a desirable end. Amongst these, one of 
the chief was education. In savage communities, where 
the chief objects of life were war and hunting, education 
was comparatively simple, and was thoroughly well 
adapted to the N end in view. But in civilised communities 
the complexity^ *bf conditions sometimes led, and indeed 
had led, to mistakes in education, and the very meaning 
of the word haa been forgotten, so that, instead of draw¬ 
ing out and developing in every child all its possible 
powers ob hody and of mind—so that in its life it should 
do the very best of which its nature was capable—educa¬ 
tion had degenerated into a system of cramming and 
cultivating one or two faculties of the mind, and especially 
that of memory, to the injury of others, while the con¬ 
dition of the body as the servant of the mind had, to a 
certain extent, been lost sight of in this country. They 
were now awakening to the necessity of attending to the 
body if the mind was to be developed, and many efforts 
were being made in various countries to secure a system 
of mental and physical training which would ensure the 
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best development of children. The great advantage of a 
congress like this was that the systems employed in 
various places were brought together and compared, so 
that each country might learn from the others the useful 
plans they ought to adopt and the errors they ought to 
avoid. 

One of the most important subjects of all in this respect 
was that of medical inspection in schools, because this 
was the keystone of physical education. Without it, the 
defects of eyes, ears, nose, and teeth which affected 
individual scholars could not be ascertained, and so those 
children remained backward in their learning, suffering 
in their bodies and so much damaged in physique that 
they were unfitted for many occupations, could not enter 
the Army, and went to swell the numbers of the criminal 
classes. 

The physical training of children during the period of 
growth was one of the best means of ensuring proper 
development. In some countries this was carried out more 
especially by systematic exercise, which * developed the 
muscles, while in this country we depended more upon 
games. Both of these systems left something to be 
desired, and the ideal system was to be looked for in a 
proper combination of both. One of the most difficult, 
and yet one of the most important, questions of school 
hygiene was how to combine educational work with 
physical training, so that both should be productive of 
benefit, and not of injury, to the child. Proper alternation 
of mental and physical exercise was one means of prevent¬ 
ing this, but attention must also be paid to the nature of 
the physical exercise. 

But all attempts to develop a healthy race would be 
ineffectual if they took care only of the children who were 
at school now. They must look a generation ahead, and 
consider that the children who were at school now fifteen 
or twenty years hence would be the fathers and mothers 
of a fresh set of school children whose physique would 
depend very much upon the way they had been treated 
and fed in their infancy and childhood. It was, there¬ 
fore, of the utmost importance that boys and girls should 
be instructed in the laws of health, the need of cleanli¬ 
ness, the dangers of impure food or water, and the evils 
of alcoholic abuse. Such instruction should not be given 
by lectures, which were likely to be misunderstood or 
forgotten, but by actual demonstration. 

In conclusion, the president said that he felt sure that 
by cooperation they would obtain the object they had in 
view—namely, the health of the children. 

At the conclusion of the meeting- the following tele¬ 
gram was sent to the King — 

To His Majesty the King, Royal yacht Victoria and 
Albert, Cowes.—Your Majesty’s most gracious message 
at the opening of the International Congress of School 
Hygiene by Lord Crewe this afternoon was received with 
the most humble and most respectful thanks of the dele¬ 
gates from foreign Governments and public authorities 
and the members of the meeting assembled. Signed, 
Lauder Brunton, president, James Kerr and E. White 
Wallis, honorary general secretaries. 

And in the evening, at the first general meeting and 
reception of delegates and members, the following 
reply from His Majesty was read :— 

To Sir Lauder Brunton, 10 Stratford Place, London, W. 

The King desires me to thank you and the honorary 
general secretaries for the telegram he has received from 
you and to express his hope that the ceremony to-day 
went off well. (Signed) Knollys. Cowes. 


THE BRITISH ASSOCIATIOK An MEfftESTER. 

A S anticipated, the British Ag&afamion has been 
fortunate in its choice qdvLercester for this 
year’s annual meeting, and we congratulate the asso¬ 
ciation because of the high character of its proceed¬ 
ings, initiated by the presidential address, and main¬ 
tained in the special discourses of Mr. Duddell, Prof. 
Miers, and Dr. Dixey, and the sectional papers, and 
the town itself because of its genuine and hearty 
welcome to its many visitors, and the carefully con- 
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sidered arrangements made for the convenience and 
comfort of all. Many important papers have received 
consideration at the sectional meetings, and the at¬ 
tendances have shown the interest taken in the sub¬ 
jects covered. 

Visitors on arrival found quite artistic street direc¬ 
tion cards attached to the lamp-posts and tramway 
standards, and these, with the capital maps provided 
on the official ticket and bound with the local pro¬ 
gramme, gave clear and definite directions for all. 

The social side of the meeting has not by any means 
been neglected, but this has been kept quite subor¬ 
dinate to the real work—the advancement of science. 
The Mayor’s reception and evening fete, held at the 
Abbey Park on the Thursday evening, and attended 
by nearly 3000 persons, was followed by the garden- 
party given by Sir Samuel and Lady Faire at Glen- 
field Frith on the Friday afternoon; both were largely 
attended and complete successes. Bands have played 
each afternoon and evening in the pretty loggia erected 
adjoining the Town Museum, and this central spot 
has formed a most pleasant rendezvous. A reception 
by the Leicester Literary and Philosophical Society 
was held here on Tuesday last. 

Saturday, as usual, was given up to excursions. 
The weather in the morning was anything but pro¬ 
pitious, and no doubt deterred many from attending; 
the day, however, proved bright and clear. Charn- 
wood Forest, Belvoir . Castle, Chatsworth, Peter¬ 
borough, and a trip over the old Swannington Rail¬ 
way proved happy hunting-grounds for scientific 
pleasure. 

The local executive and its chairman, Mr. Colson, 
must be congratulated on the efforts made by them 
for the comfort of the members of the association, and 
the success which attended their endeavours. 

The report of the council for the year 1906-7 was 
adopted at the meeting of the general committee on 
Juft 31. The following matters are referred to in the 

I'Tbt p council has acted upon the resolution from 
SwctAn A :—“ That, in the opinion of the committee of 
sWtiln A, it is highly desirable that Sir William Hamil¬ 
ton ’sfcnempioSon dynamics, on systems of rays, and other 
memoirs or/duV: and applied mathematics, should be re¬ 
published frfjtZclessible form; and that this resolution, if 
approval hy ti Ji council, be communicated to the Royal 
Irish AVasremy.” A subcommittee of Section A is making 
inquiries for the purpose of promoting the object in view. 
A resolution from Section H in regard to the appointment 
of an inspector of ancient monuments has been considered 
by the council :—“ That the council of the British 
Association be asked to impress upon His Majesty’s 
Government the desirability of appointing an inspector of 
ancient monuments, fully qualified to perform the duties 
of his office, with fuli powers under the Act, and with 
instructions to report periodically on his work with a 
view to publication.” The council appointed a committee, 
consisting of Sir John Evans, K.C.B., Sir Edward 
Brabrook, Mr. Sidney Hartland, Sir Norman Lockyer, 
K.C.B., and Lord Balcarres, to report on the proposal ; 
and the report of the committee, having been approved 
by^ the council, was sent with a covering letter to the 
Prime Minister on December 19,' 1906. Furthermore, the 
president attached his signature to a memorial upon the 
same subject drawn up by the council of the Society of 
Antiquaries. It is understood that, whilst no immediate 
action will be taken by His Majesty’s Government, the 
matter is receiving careful consideration try the Prime 
Minister, with the object of placing all ancient monuments 
in the United Kingdom under adequate protection and 
more effective supervision. 

^ At the second meeting of the general committee on 
Friday, August 2, Mr. Francis Darwin. F.R.S., who. was 
nominated by the council to fill the office of president for 
the year 1907-8, was elected. The Lord Lieutenant, as 
His Majesty’s representative in Ireland, was elected to fill 
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the office of vice-patron for the Dublin meeting next year.. 
The following were elected vice-presidents of the associ¬ 
ation for the same meeting :—The Lord Mayor of Dublin-; 
the Lord Chancellor of Ireland; H.M. Lieutenant for the 
County of Dublin (Earl of Meath); Chancellor of the 
University of Dublin (Earl of Rosse); Chancellor of the 
Royal University of Ireland (Lord Castletown); Provost 
of Trinity College, Dublin (Dr. Anthony Traill); president; 
of University College, Dublin (Rev. W. Delany); Viscount 
Iveagh ; president of the Royal Dublin Society; president 
of the Royal Irish Academy (Mr. F. A. Tarleton); Vice^ 
Chancellor of the University of Dublin (Mr. Justice 
Madden); Vice-Chancellor of the Royal University of 
Ireland (Sir Christopher Nixon, Bart.); vice-president of 
the Department of Agriculture, &c. (Mr. T. W. Russell, 
M.P.). 

The meeting will be held in the first week in September 
next year, that is, from Wednesday, September 2, to 
Wednesday, September 9, 1908. 

The new members of council elected by the general com¬ 
mittee are Dr. Tempest Anderson, Prof. A. R. Forsyth, 
F.R.S., Mr. D. G. Hogarth, Lieut.-Colonel Prain, F.R.S., 
and Prof. C. S. Sherrington, F.R.S. 

Subjoined is a synopsis of grants of money appro¬ 
priated for scientific purposes by the general com¬ 
mittee at the Leicester meeting ;— 


Section A.—Mathematical and Physical Science. 


Seismological Observations 

Further Tabulation of Bessel Functions 

Kites Committee . 

Geodetic Arc. in Africa 

Meteorological Observations on Ben Nevis 

Section B. — Chemistry. 
Wave-length Tables of Spectra ... 

Study of Hydro-aromatic Substances 
Dynamic Isomerism ... 

Transformation of Aromatic Nitramines 


Section C. — Geology. 
Fossiliferous Drift Deposits 
Fauna and Flora of British Trias 
Crystalline Rocks of Anglesey ... 

Faunal Succession in the Carboniferor 
stone in British Isles ... ... - .. 

Erratic Blocks 

Predevonian Rocks. 

Exact Significance of Local Terms 

Palaeozoic Rocks . 

Composition of Charnwood Rocks 

Section D. — Zoology. 

Index Animalium 

Table at the Zoological Station at Naples 

Heredity Experiments 

Fauna of Lakes of Central Tasmania ... 

Section E. — Geography. 
Rainfall and Lake and River Discharge 
Investigations in the Indian Ocean 
Exploration in Spitsbergen 

Section F.—Economic Science and 


Kingdom ... 

Section G.- 
Electrical Standards 


- Engineering. 


Section II. — Anthropology. 

Glastonbury Lake Village. 

Excavations on Roman Sites in Britain 
Anthropometric Investigations 
Age of Stone Circles ... 
Anthropological Photographs 
Anthropological Notes and Queries 
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Section I. — Physiology. 

Metabolism of Individual Tissues . 

The Ductless Glands 

Effect of Climate upon Health and Disease ... 

Body Metabolism in Cancer . 

Electrical Phenomena and Metabolism of Arum 
Spadices 

Section K. — Botany. 
Structure of Fossil Plants ... 

Marsh Vegetation 
Succession of Plant Remains 


£ *• d - 
40 o o 
30 o o 

35 0 0 
30 o o 

10 o o 


14 o o 

15 o o 
45 o o 


Section L.—Educational Science. 

Studies suitable for Elementary Schools ... io o o 

Corresponding Societies Committee. 

For Preparation of Report. 25 o o 


Total .. 1288 9 3 

SECTION B. 

^ CHEMISTRY. 

Opening ^todress by Prof. A. Smithells, B.Sc., F.R.S., 
/ President of the Section. 

Thj w year which has elapsed since the meeting of our 
Sedtfon at York has been eventful in the most melancholy 
of' ways; the losses sustained by our science have been 
/unparalleled. The passing bell seems to have tolled almost 
without intermission as one after another of our masters 
has been taken from us : in Russia, Mendel^eff, Men- 
schutkin, and Reilstein ; in France, Berthelot and 
Moissan; in Holland, Bakhuis-Roozeboom. Whilst in 
some of these cases we may find consolation in contem¬ 
plating a length of life and sustained activity beyond what 
we might have dared- to expect, in others our regret is 
increased by the sense of untimeliness and of vanished 
hopes. I am tempted to speak of the work of such mighty 
men as Berthelot and Mendel 4 eff, to dwell upon the dis¬ 
coveries by which they transformed the whole fabric of 
chemical science; but this is not the occasion on which 
to offer an estimate of the labours of those who have 
passed away. . I can only say that in the bond of brother¬ 
hood which. the pursuit of science establishes among the 
different nations of the earth we who are Englishmen feel 
and deplore' these losses as our own. 

I must not omit to allude also, as I do with deep regret, 
to the death in our own. country of two such ardent and 
fruitful workers as Cornelius O’Sullivan and Robert 
Warington. 

These words were already in print when again we were 
called to mourn the loss of one of our greatest men, one 
who but a year ago was the subject of our special re- 
j’oicings, and whose vigour of body and youthfulness of 
spirit seemed to promise the long continuance of a noble 
and an extraordinarily fruitful life. We can at least feel 
thankful that William Henry Perkin lived long enough 
to learn in what honour and esteem his name was held, 
not only among his countr} ? men, but by all the chemists 
of the world, and by the leaders of those great industries 
of which he was justly acclaimed the founder. For more 
than a generation Sir William Perkin had been one of 
the most familiar figures at the meetings of this Section, 
and greatly' shall ' we miss his gentle presence, his wise 
counsel, and his valued contributions. 

I can, perhaps, best occupy your time to-day by attempt¬ 
ing to give some account of the present state of the 
scientific subject to which I have paid most attention. 
The topic of flame, after a long period of repose, has 
aroused much interest during late years, and I think we 
may say that some considerable progress has been made 
in its elucidation, although in this, as in all other subjects 
-of scientific inquiry, the more closely we scrutinise it the 
more impressed must we be with what still remains 
unknown. 

One of the first questions that meet us in the study 
of flame is that of the temperature at which in any given 
case the phenomenon becomes evident. Here, I think, a 
great clarification of view has taken place. The old idea 
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that there existed a fixed temperature at which inflam¬ 
mation suddenly took place cannot now be maintained, 
and the term “ ignition temperature ** has acquired a 
different meaning. It is now known that in a very great 
number of cases a mixture of two flame-forming gases, 
when gradually raised in temperature, will develop 
luminosity quite gradually, pari passu, with the chemical 
combination that is being induced. This phenomenon is, 
of course, known universally in connection with phos¬ 
phorus, but it is not so widely known in connection with 
other combustible substances. There are some simple 
facts that seem as if they never could gain admission to 
text-books, and I do not think I have known more than 
a single chemical book that is not likely to leave a student 
under the impression that the phosphorescence of phos¬ 
phorus is an almost unique phenomenon. I do not know 
how many times the independent discovery has been made 
that sulphur, arsenic, carbon disulphide, alcohol, ether, 
paraffin, and a whole host of other compounds, inorganic 
and organic, will phosphoresce as truly as phosphorus 
itself; that, in fact, phosphorescent combustion is the 
normal phenomenon antecedent to what we ordinarily call 
flame. 

This is, after all, only in harmony with the general 
truth that chemical combination between two gases does 
not set in suddenly, but comes into evidence quite 
gradually as the temperature is raised from a point at 
which the action, if it occurs at all, is so slow as to be 
negligible. The increase In the rate of combination is, 
of course, very rapid as compared with the increase of 
temperature, a difference of about io° C. serving to double 
it. The interval between the beginning of phosphorescence 
and the production of vigorous flames may therefore be 
very short. In the case of phosphorus this interval, being 
from 7 0 to 6o° C., includes ordinary atmospheric 

temperatures; hence the phosphorescence of phosphorus 
is a phenomenon that could not well be overlooked. If 
the prevailing terrestrial temperature were below 7 0 C., 
at which, under normal air-pressure, the phosphorescence 
of phosphorus ceases, it is possible that this element might 
never have acquired its peculiar reputation ; it would not 
have shone in the dark, and in lighting it with a taper 
the phosphorescent interval would have been passed cjfrer 
as quickly as is ordinarily the case in the ignition of 
sulphur, paraffin, and other common combustibles. To 
make phosphorescence apparent in these last case% it is 
necessary to take special care to heat up a mixtuje'-tft 
the combustible gas and air gently, and to maintain Jit at 
a temperature approaching, but not quite, reaching, that 
of ignition. There is no simpler way thaii -•fhkt used by 
Sir William Perkin, who brought the combustible substance 
near to, or in contact with, a massive metal ball previously 
heated to the suitable temperature. 

The change from phosphorescence to ordinary flame is 
not sudden, but the appearance of ordinary flame is the 
end point of a continuous, though rapid, development. 
This end point is the temperature of ignition. What, then, 
determines the temperature of ignition? The answer to 
this question has been given with characteristic concise¬ 
ness by van ’t Hoff as “ the temperature at which the 
initial loss of heat due to conduction, &c., is equal to the 
heat evolved in the same time by the chemical reaction. ,, 

We may obtain a clear idea of the meaning of tempera¬ 
ture of ignition by supposing a combustible mixture of 
gases such as that of air and the vapour of carbon 
disulphide to issue through an orifice into an indifferent 
atmosphere. If we surround the orifice by a ring of 
platinum wire, which is gradually heated up by a current 
of electricity, a flame will gradually make its appearance. 
If, as soon as this is observed, the heating of the wire by 
the current be discontinued, the flame will disappear; it 
is, in fact, not self-supporting, but depends on the accessory 
supply of heat through the electrically heated wire. If 
now we raise the ring to a higher temperature we shall 
get a brighter flame, owing to an increased rate of chemical 
action, and at last we shall reach a point where it is 
possible to cut off the electric current without causing at 
the same time the extinction of the flame. This is the 
true temperature of ignition, the temperature at which the 
reaction proceeds at a rate just sufficient to overbalance 
the loss of heat by radiation, conduction, and convection 
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from the burning layer of gases, so that the next layer is 
put in the same state, and steady combustion proceeds. 

Phosphorescence has been spoken of as degraded com¬ 
bustion, and, though literally the appellation is correct, I 
think it is liable to be misunderstood. Again, it is often 
supposed that phosphorescence is necessarily associated 
with the formation of incompletely oxidised products. This 
may be the case in a chemical system which is capable 
of affording different products at different temperatures, 
but it is not an essential feature ; the phosphorescent com¬ 
bustion of sulphur, for example, affords nothing but sulphur 
dioxide. 

Temperature of ignition is, then, neither a temperature 
at which combination suddenly begins nor one dependent 
solely on the nature of the combining gases. It will vary 
with the proportion in which the gases are mixed and with 
their pressure and other circumstances. Notwithstanding 
the simplicity of this conception, it must be admitted that 
there are many obscure facts connected with the ignition 
of gases. The inflammability of gaseous mixtures is not 
necessarily greatest when they are mixed in the proportions 
theoretically required for complete combination; the in¬ 
fluence of foreign gases does not appear to follow any 
simple law; the presence of a very small quantity of a 
foreign gas may exercise a profound influence on the igni¬ 
tion temperature as in the case of the addition of ethylene 
to hydrogen. When a mixture of methane and air is raised 
to its ignition temperature, a sensible interval (about ten 
seconds) elapses before inflammation occurs. These facts 
are cognate to others which have increased upon us so 
abundantly in connection with the influence of moisture on 
chemical change. The study of the oxidation of phosphorus 
in particular brings us among rocks , and shoals. Apart 
from the influence of moisture on the combination we 
have the limitation of the process by a certain tension of 
oxygen and by minute quantities of a vast number of 
chemical, substances, among which, in spite of much 
labour, no other common bond can be found. We do not 
know what oxide is initially formed in the oxidation, and 
the existence of the oxides P 4 0 and P ,0 is as confidently 
disputed as it is affirmed. There is some reason for 
believing that the phosphorescence connected with phos¬ 
phorus succeeds the formation of one oxide and accom¬ 
panies the formation of another. The state of the oxygen, 
whether atomic, ionic, or molecular, which acts on phos¬ 
phorus, the induced oxidation of other substances, the 
ionisation of air accompanying the oxidation—these are all 
matters concerning which there exists a bewildering litera¬ 
ture that hangs over us like a cloud. The whole of my 
Address would, iri fact, not suffice for a summary of 
the state of our ignorance about the oxidation of phos¬ 
phorus. The subject, simple as it appears at first sight, 
is really involved with a vast number of unsolved •chemical 
problems the elucidation of which would throw much light 
on chemical action in general. I may, perhaps, bequeath 
the topic to some successor in this Chair as one which 
may serve to illustrate the advance of knowledge since 
these present days of darkness. 

The structure of flames has always been regarded as 
deoendent unon the chemical changes taking place in the 
differentiated regions, but until recent times little attention 
has been given to any question beyond the cause of the 
bright luminosity of hydrocarbon flames. In a flame such 
as that of hydrogen or carbon monoxide, where we have 
some reason to suppose that the same kind of chemical 
transaction is taking place throughout the region of com¬ 
bustion we should not expect to" find a differentiation of 
structure, and, as a matter of fact, we do not find any. 
Erroneous ideas have gained currency from the use of 
impure gases, and hydrogen is still described as burning 
with a pah; blue flame, although Stas long ago stated that 
if the gas is highly purified, and the air freed from dust, 
the flame even in a dark-room can only be discovered bv 
feeling for it; a fact consistent with the line spectrum of 
water lying wholly in the ultra-violet. The presence of a 
very small quantity of free oxygen in carbon monoxide 
destroys the perfect simplicity o'f the single shell of blue 
flame with which the purified gas burns, and in other 
flames small quantities of gaseous impurities or of atmo¬ 
spheric dust give rise to features of structure and halos 
which have been frequently supposed to pertain to the 
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flame of the combining gases. The fringe of a flame in 
air may be often tinged by the presence of oxides of 
nitrogen. 

No flame better illustrates the relation of structure to 
chemical processes than that of cyanogen, where the two 
steps in the oxidation of the carbon are clearly marked 
out in colour. Apart from hydrocarbon flames, very few 
others have been carefully explored from this point of view. 
There is, unfortunately, no gas composed of two com¬ 
bustible gaseous elements; and, though such gases as the 
hydrides of phosphorus and sulphur do not fall far short of 
this, the experimental difficulties of an exact exploration 
of their flames are very great. We are thus prevented 
from studying the flame of a composite combustible in its 
simplest form. 

The flames of hydrocarbons have naturally been the 
subject of most frequent investigation. The use of single 
hydrocarbons instead of the mixtures present in coal-gas 
and other common combustibles has simplified the study 
considerably. Two problems stand out prominently : .one 
is to trace the steps in the oxidation of the hydrocarbon, 
the other to account for the bright patch of yellow 
luminosity. With regard to the question of the luminosity, 
I do not think there is any longer doubt about its being 
due essentially to the separation within the flame of minute 
solid particles of what is practically carbon. The separ¬ 
ation seems to be adequately explained by the high tempera¬ 
ture of the blue burning walls of the flame, which decom¬ 
poses the unburned hydrocarbon within. In a similar way 
arsenic and sulphur and phosphorus are liberated within 
flames of their hydrides; but these elements, being volatile, 
do not. appear as solids unless a cold object be placed 
within the flame. In the case of the hydride of silicon the 
liberated element at once oxidises to form the solid non¬ 
volatile oxide, which gives a bright glow. 

The mode in which a hydrocarbon yields carbon by the 
application of a high temperature has been the subject of 
experiment and of hypothesis; but neither the view of 
Berthelot, that the carbon results from a continuous 
coalescence of hydrocarbon molecules with elimination of 
hydrogen, nor that of Lewes, according to which the form¬ 
ation and sudden decomposition of acetylene is the essence 
of the phenomenon, appears to me to be in harmony with 
the experimental facts; and I am not aware that either 
view has secured any support from other workers in this 
field. It is certainly not easy to ascertain experimentally 
the changes undergone by a single hydrocarbon as its 
temperature is raised, and at the la-st it may be objected 
that the course of ^events in contact with the solid walls 
of a containing vessel is not necessarily the same as that 
within the gaseous envelope of a flame. I am glad to 
think that there is promise of further light on this subject 
from the work of Prof. Bone. 

The course of oxidation of hydrocarbons has been the 
subject of very careful and fruitful study. The old view 
that a selective or preferential oxidation of the hydrogen 
always took place, that with a restricted supply of oxygen 
the hydrogen was oxidised and the carbon set free, is, 

I think, no longer maintained by anyone who has studied 
the question. The explosion of ethylene with its own. 
volume of oxygen, which leaves us with practically all the 
carbon oxidised and all the hydrogen free, is fatal to this 
view. Again, when hydrocarbons are burned in a flame 
with a restricted supply of air, as is the case in the inner 
cone of the flame of a well-aerated Bunsen burner, there 
is clearly no separation of solid carbon, arid the products 
of combustion when withdrawn and analysed disclose the 
presence of much free hydrogen and no unoxidised carbon. 
In describing this experimental fact I have spoken of it 
as the preferential oxidation of carbon. I have always 
thought jt pedantic to quarrel with that expression ; for, 
in speaking of a chemical transaction, we usually include 
only a description of the initial and final states of com¬ 
bination. I should be sorry, however, to detach the ex¬ 
pression from the facts it describes and to exalt it into 
a general^ doctrine. That would be quite inadmissible, and, 
if there is any danger of misunderstanding, it would be 
better to avoid using the expression. 

The admirable researches carried out in the University 
of Manchester by Prof. Bone and his collaborators have 
afforded most valuable information as to the oxidation of 
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hydrocarbons at temperatures extending from those of 
incipient oxidation up to the highest ones that prevail in 
a flame. According to Prof. Bone, the oxidation of a 
hydrocarbon involves nothing in the nature of a selective 
or preferential oxidation of the carbon or the hydrogen ; 
but it occurs in several well-defined stages, during which 
oxygen enters into and is incorporar-d with the hydro¬ 
carbon molecule, forming Oxygenated intermediate pro¬ 
ducts, among which are alcohols and aldehydes. The re¬ 
action, just referred to, between ethylene and an equal 
volume of oxygen is, according to Prof. Bone, to be re¬ 
presented by the scheme : 

CH 2 CH.OH CH.OH H-CsO IL + CO 

*; ** •• -7*- 

CH 2 CH 2 CH.OH H a C :0 H. + CO 

There can be no question about the facts on which this 
scheme is based, and they are a new and important 
addition to knowledge. 

It is a great aid to the study of chemical changes, when 
we can resolve them into stages, whether or not these 
stages be realisable under certain experimental conditions. 
In this way we can get a clear view of the relationship 
between the action in one set of circumstances to the 
action in another set; and in this way also we can 
often establish rational links between reactions which at 
first sight seem quite disconnected. Intermediate reactions 
are much used to elucidate cases of contact action, and in 
the processes of organic chemistry they are almost 
universally assumed. 

I am far from wishing to disparage these practices, but 
I think it important that we should realise how far we 
are dealing with convenient devices and how far with 
ascertained facts. The isolation of an intermediate pro¬ 
duct in one set of circumstances is in itself no proof 
that this product is transitorily formed when the reaction 
is proceeding in another set of circumstances ; and if we 
were to assume generally that because we can represent 
a chemical transaction as if it were due to a successive 
construction and destruction of a series of molecular 
edifices it actually docs take such a course, we should, 

I think, be making the same kind of mistake as to sup¬ 
pose that in the application of two differently directed 
forces to a body at rest, the body will move successively 
in the direction of each force instead of moving immedi¬ 
ately in the direction of their resultant. I know that I 
may be considered hvoercritical, and perhaps obstinate, in 
this matter; but I wished to state the reasons that prevent 
me from accepting entirely the interpretation which Prof. 
Bone has given to his experimental results, and to direct 
attention to a question of general importance that has 
not, I think, received the attention it deserves. 

The mode of burning of carbon, whether in the free 
state or as a constituent of a compound, is not at all easy 
to determine; and notwithstanding many investigations, 
among which must be specially mentioned those of Prof. 
H. B. Dixon and his collaborators, so simple-looking a 
question as whether carbon forms carbon monoxide by 
directly uniting with oxygen, or only by reducing carbon 
dioxide, is still a matter of uncertainty. 

Our knowledge concerning the question of flame 
temperatures has been much improved in recent times, 
thanks mainly to the admirable work of M. Le Chatelier. 
The well-known memoir of Mallard and Le Chatelier on 
the explosion of gases supplied the data which first per¬ 
mitted of a moderately exact calculation of flame tempera¬ 
tures, and the perfection of the thermo-couple by M. 
Le Chatelier gave us the first instrument that could be 
used directly for making a satisfactory measurement. The 
uncertainty connected with this subject may be well illus¬ 
trated by quoting the temperatures that have at different 
times been ascribed to the flame of coal-gas when burnt 
in a Bunsen burner, where we have had values varying 
from 1230° to 23 50° C. 

The question of calculating the temperature attained 
■during combustion by reference to calorimetric values, 
specific heat, dissociation, and other considerations is to 
form the subject of a joint discussion with Section G 
during the present meeting, so that I shall not here enlarge 
upon it. 

With regard to the use of thermo-couples, I may re- 
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mark thac the practical difficulties have been successfully 
met. The chief difficulty is, of course, to secure that the 
thermo-junction attains as nearly as possible the tempera¬ 
ture of the region in which it is immersed. As ordinary 
flames consist of thin shells of burning gases, on either 
side of which there is a very rapid fall of temperature, it 
is necessary to use thin wires, and to dispose them so 
that there is no appreciable drain of heat from the junc¬ 
tion. By using wires of different gauge for the couples 
it is possible by extrapolation to arrive at a temperature 
for a couple of infinitely small cross-section, and it is 
also possible to make a correction for the superior 
radiating power of the couple as compared with the flame- 
gases. Without this last correction a maximum tempera¬ 
ture of 1770° was obtained for the Bunsen flame by 
Waggener in Germany, and 1780° by White and Traver 
in America. Correcting for radiation, Berkenbusch found 
1830° as the maximum temperature. 

M. Fdry, by an ingenious application of his beautiful 
optical pyrometer to a flame containing sodium, gives 
1871° as the highest temperature of the flame of a Bunsen 
burner burning coal-gas. 

The consideration of flame-temperatures has become of 
increasing importance in the arts owing to the use of the 
Welsbach mantle as a means of deriving light from coal- 
gas. The great improvements which have been made in 
the efficiency of atmospheric burners depend primarily on 
the fact that the smaller the external surface we can 
give to a flame consuming gas at a fixed rate the higher 
must be the average temperature; and since the emission 
of light from a mantle is proportional to a high power 
of the absolute temperature, a small increase of tempera¬ 
ture is of great effect on luminosity. 

The acetylene-oxygen flame in which a temperature of 
about 3500° prevails, not very different from that of the 
electric arc, is the hottest of the hydrocarbon flames, and 
finds some important practical uses. 

I have already said something about the luminosity of 
flames so far as relates to the separation and glow of 
solid carbon. But there remains the more general ques¬ 
tion of the luminosity of flames containing nothing but 
gases. The older explanation of the emission of light 
from combining gases said no more than that the energy 
liberated during the reaction and appearing as heat raised 
the product to incandescence—that is to say, so increased 
the velocity of its molecules and the violence of their 
collisions that vibrations were set up the wave-lengths of 
which lay within the limits of visible radiation. This 
explanation has long been questioned, and there is now, 
I think, a very general agreement that it will not suffice. 
The average temperature, in fact, prevailing in a flame, 
if attained in the product of combustion by the supply of 
heat from outside, does not suffice to make that substance 
luminous. We are therefore thrown back upon the con¬ 
clusion that the generation of light in a flame • is not a 
consequence, though it is- an accompaniment, of the 
elevation of temperature. The question now is, Can we 
go any further? To do this we are led to consider in¬ 
dividual molecular transactions instead of statistical 
averages,, and the view presents itself that the combining 
atoms may, in losing their chemical energy, form directly 
systems of independent vibration where the radiation is 
such as to fall within the limits of visibility. If we 
picture such vibrating systems momentarily formed, it is 
easy to see that by their collision one with another they 
may acquire in a secondary way increased translational 
motion, and so lead to a state of things where the greater 
part of their energy is degraded in the form of heat. 
The high temperature of a flame would then be a con¬ 
sequence rather than a cause of its light. 

This subject of the mechanism of luminosity, however, 
like so man)' others, has now become involved with the 
theory of electrons, and a chemist may be excused if he 
hesitates to pursue the subject further. Some years ago 
I called attention to the scantiness of our knowledge of 
the chemical changes that take place when metallic salts 
are used in flames for the production of spectra. Though 
there was general agreement that, for example, the yellow 
flame produced by common salt was due to the liberation 
and glow of metallic sodium, there was no agreement as 
to how the sodium was set free. 


© 1907 Nature Publishing Group 







August 8, 1907] 


NA TURE 


355 


Arrhenius, pursuing the analogy which exists between 
the laws governing matter in the gaseous state and in 
the state of dilute solution, had previously been led to 
the view that the electrical conductivity of flames contain¬ 
ing salt-vapours was due to ionisation of the salt through¬ 
out the volume of the flame. It appeared possible there¬ 
fore that the luminosity might be ascribed likewise to 
the metal separated in the ionic state. Experimental 
investigation undertaken with a view to elicit inform¬ 
ation on this subject seemed to favour the view that the 
metal was reduced by chemical processes, and that it 
glowed in the un-ionised condition. Evidence seemed to 
point to the conclusion that, for example, when common 
salt is introduced into the flame of coal-gas the sodium 
chloride yields sodium by the conjoint action of steam and 
reducing gases; when liberation of the metal was pre¬ 
vented by adding a large quantity of hydrochloric acid to 
the flame the glow disappeared, but the conductivity was 
not always diminished. The fact that sodium salts, in¬ 
cluding the chloride, impart their characteristic glow to 
the flame of cyanogen and to other flames in which water 
is absent leads to some difficulty in finding a chemical 
explanation, and it must be admitted that a direct thermal 
dissociation of an alkaline halide or oxide is not out of 
the question. The interval of detachment of the metallic 
atom may be exceedingly brief, but it must be remembered 
that even so short a time as the interval between the 
molecular encounters in a gas at a high temperature is 
still sufficient for the emission of thousands of undisturbed 
characteristic vibrations. The experiments to which I 
have alluded have been followed up with great industry 
and success by Prof. H. A. Wilson, who has added much 
to our knowledge of the electrical condition of the flames 
containing vaporised salts; but the question of the con¬ 
dition of the luminous gas is still far from being settled. 
Very interesting and important investigations have been 
carried out by Lenard, who has shown that the stream 
of luminous vapour produced from a sodium salt in a 
Bunsen flame is deflected in an electric field in such a 
way as to indicate that the vapour is positively charged ; 
but he gives reason for believing that the charged con¬ 
dition is intermittent with the neutral condition. The 
lines in the spectrum of an alkali metal are divisible, as 
is well known, into distinct groups or series, in each of 
which the oscillation frequencies corresponding with the 
lines are in a definite mathematical relationship. The 
principal series, which include the lines seen individually 
as such in ordinary flame spectra, are, according to 
Lenard, due to the electrically neutral atoms. In a salted 
spirit flame, and in other flames of low temperature where 
only lines of the principal series are represented, the 
stream of luminous gas does not behave in an electric 
field as if it were charged. In the flame of coal-gas burnt 
in a Bunsen burner the salt-vapour gives, in addition to 
the distinct lines of the principal series, diffuse bands of 
luminosity on the dark, background, which, according to 
Lenard, represent the undeveloped subordinate series ; and 
it is the atoms emitting these series that are deflected in 
the electric field. It is inferred, therefore, that the light 
in a salted Bunsen flame comes from different groups of 
centres of emission—the principal series from the neutral 
atom, and the lines of the first, second, and third sub¬ 
ordinate series from atoms which have lost respectively 
one, two, and three electrons. Lenard goes further, and 
shows that the salt-vapour in a Bunsen flame, as in the 
flame of the electric arc, emits these different kinds of 
radiation from different structural regions; thus the 
vapour at the edge of the flame is electrically neutral and 
gives only the lines of a principal series. 

The negative electricity in a salted flame would, accord¬ 
ing to Lenard, be disembodied, and recent experiments by 
Gold confirm the view that the negative carrier in flames 
is a free electron. In connection with this subject I 
ought to allude to an investigation by Tufts, which seems 
to throw some doubt on the conclusions which were drawn 
from the experiments made by Prof. Wilson. Dr. Dawson, 
and myself; and I must also mention an important con¬ 
tribution to the subject recently made by Prof. Hartley, 
in which considerable light is thrown upon the chemical 
changes undergone by compounds of the alkaline earth 
metals when they are introduced into flames, and upon 
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the relation of these changes to the various spectral 
features. I am afraid, however, that it would be weari¬ 
some if I were to prolong this summary, and I must 
be content to leave it without doing justice to those who 
are engaged upon the work. The subject is obviously 
one of fundamental importance in relation to spectrum 
analysis, and my own slight connection with it has only 
strengthened my opinion that there is still a great deal 
connected with the genesis of spectra that requires the 
attention of the chemist even more than that of the 
physicist. Spectrum analysis arose under the joint in¬ 
fluence of Bunsen and Kirchhoff, and I think its problems 
still call for more combined work on the part of chemist 
and physicist than has latterly been the custom. 

Having given a short summary of the present state of 
knowledge on one particular chemical topic, I may perhaps 
be permitted to conclude my Address with a few general 
observations relating to the science as a whole. 

The contemplation of such a life as that of Berthelot 
makes us realise in a vivid way the progress of chemical 
science. He was a chemist without limitation, his 
activity extending over the whole range of the science, 
physical, inorganic, and organic. Whilst we must not 
forget his exceptional powers, we cannot help feeling how 
different in its extent was our science when he entered 
upon his labours from what it was when they ceased, and 
we cannot help feeling how vain it now is for anyone to 
hope for so imperial a sway. 

Yet it is difficult to believe that the state of chemistry 
can ever have been more interesting than it is at the 
present moment, or that anyone who sighs for the good 
old times can do so from anything but the love of a quieter 
life. We need not go back more than twenty years to 
find a sharp contrast. At that time there was indeed no 
want of activity, but it was that of a band of travellers 
who had left their frontier adventures far behind, and 
were marching steadily over a wide and almost un¬ 
interrupted plain. To-day we are among the mountains, 
with new peaks and prospects appearing on every side. 
Truly a steady head is required; and well may we ask. 
Whither are we going and where is the path of progress 
and of safety? I rejoice to live in such times; but I feel 
no competence to describe them, still less can I pretend 
to have vision keen and comprehensive enough to let me 
figure as a guide. 

One of the penalties of devotion to a progressive science 
is the constant feeling of being left behind, and the know¬ 
ledge that, while we are attending to our personal task, 
things are happening, near or far, that may, for all we 
know, be affecting the simplest facts and the most 
elementary principles on which we have been accustomed 
to rely. This is a feeling that may well prevail at the 
present day. At the same time I do not think there is 
any occasion for panic, and I cannot help regretting the 
somewhat sensational language that has been used, even 
within our own circles, in regard to recent discoveries. 
The revelations attendant upon the investigation of radio¬ 
activity do indeed mark a distinct epoch in the history 
of chemical discovery, but that they entail anything like 
an unsettlement of our scientific articles of faith is not 
to be admitted for a moment. They make us realise in 
perhaps a not unprofitable way that scientific knowledge 
and scientific theories are necessarily proximate, never 
ultimate, and that ideas which may have been entertained 
for a long time without modification, and so have begun 
to seem perpetual, are, after all, only. provisional. 

There is certainly some embarrassment on finding that 
a substance like radium, which according to the conven¬ 
tions would be called a chemical element, breaks up so 
as to give substances which, according to the same con¬ 
ventions, are likewise called elements. But the confusion 
is one of terminology and not of ideas. I think it likely 
that few chemists of my own generation have been in 
the habit of. regarding the conventional elements as the 
ultimate compositional units of matter. We know that 
in our own country distinguished men of science like Sir 
William Crookes and Sir Norman Lockyer have always 
insisted on the complex nature of the elements, and I 
suspect there are many among us who might own to 
having made sober, if unsuccessful, attempts at the resolu¬ 
tion of elements before the davs of radium. 


© 1907 Nature Publishing Group 






356 


NATURE 


[August 8, 1907 


The perplexities of chemists at the present day do not 
come, I think, from the novelty of the ideas that are 
being presented to them, but from the great rapidity 
with which the whole science is growing, from the in¬ 
vasion of chemistry by mathematics and, in particular, 
from the sudden appearance of the subject of radio-activity 
with its new methods, new instruments, and especially 
with its accompaniment of speculative philosophy. There 
is an uneasy feeling that developments of great importance 
to the chemist are being made by experiments on quanti¬ 
ties of matter of almost inconceivable minuteness. Spec¬ 
trum analysis of course took chemistry beyond the limits 
of the balance, but the- new materials which it disclosed 
could at least be accumulated in palpable quantity. With 
radio-activity we seem, in relation to the- ponderable, 
almost to be creating a chemistry of phantoms, and this 
reduction in the amount of experimental materials, 
associated as it is with an exuberance of mathematical 
speculation of the most bewildering kind concerning the 
nature, or perhaps I should say the want of nature, of 
matter, is calculated to perturb a stolid and earthy philo¬ 
sopher whose business has been hitherto confined to com¬ 
paratively gross quantities of materials and to a restricted 
number of crude mechanical ideas. He is tempted to 
think of Falstaff’s reckoning and to exclaim with Prince 
Henry, “ Oh, monstrous ! but one halfpennyworth of 
bread to this intolerable deal of sack ! ” Experimental 
science has latterly been spun to greater and greater fine¬ 
ness, until in the region of the n rays the objective element 
seems to have disappeared altogether. 

I should, however, gravely abuse the position in which 
I am allowed to speak for the moment as a representative 
of chemists if I Failed to express profound admiration 
for the masterly work which has been accomplished by 
the pioneers of the science of radio-activity. All that I 
wish to say beyond that, is in explanation of a certain 
awe or trepidation which chemists of the older school may 
feel in the presence of such bold explorers ; and I am the 
more tempted to say something on the subject, because 
in recent times, before the advent of radium, a good deal 
has happened which has given chemists occasion to ask 
themselves whether chemistry was not beginning, as it 
were, to drift away from them. 

The most conspicuous development of the science during 
the past twenty years has been, of course, on the physical 
side, and abundant have been its fruits; but it has seemed 
to demand from chemists habits and endowments which 
they did not normally possess, and which they could not 
easily acquire. I was much struck by a remark made to 
me a few years ago by a distinguished chemist, who is, 

I think, the most perfect manipulator I have ever seen at 
work, to the effect that he felt himself submerged and 
perishing in the great tide of physical chemistry which 
was rolling up into our laboratories. Now, it is precisely 
such men that must be preserved to chemistry. Though 
chemistry and physics meet and blend, there is, I believe, 
an .essential difference between the genius of the chemist 
and the genius of the physicist, and I venture to think 
that some insistence on the primary functions of a chemist 
is not untimely. The chemist’s first qualification is that 
he shall be master of a peculiar craft; his greatest merit 
that he is a consummate workman ; his distinctive power 
a nicety of discrimination in questions affecting the com¬ 
position and quantity of materials. He is not given to 
elaborate theories and is usually averse to speculation; 
nor has he usually an aptitude for mathematics. Such 
the .normal chemist is, or was, and such I hope he always 
may be—naked perhaps in some respects, but unashamed. 

There -seems to be a solicitude in some quarters to 
make a chemist something more than a chemist, a solici¬ 
tude which, if.gratified, will, I believe, make him some¬ 
thing less- than one. We are told, for example, that a 
chemist should be a mathematician. I do not admit it 
for a moment. Some mathematics he must of necessity 
have—that has always been admitted—but in proportion 
as chemistry develops on the mathematical side does it 
become important, not that our chemists should be trained 
in mathematics, but that they should be more than ever 
carefully trained in the art of exact experiment; that 
their methods of work, their powers of observation, and, 
if possible, their experimental conscience, if I may use 
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the expression, should acquire a finer edge. There is 
never more cause for anxiety than when we see a mathe¬ 
matical theory awaiting the delivery of the confirmatory 
facts, and there is nothing more important for chemistry 
than the continual recruiting of that old guard which 
will be ever ready to stand to arms on the appearance 
of an eager theorist. 

I do not for a moment wish to disparage the adven¬ 
turous spirits within or outside our science, still less do 
I wish to range myself with those who meet new ideas 
with mere objurgation or raillery. We must be content 
to see new alliances and new activities on the frontiers 
that separate us from other sciences; content to see many 
new kinds of chemistry arise in which we cannot all 
effectually participate. Chemistry is becoming bewilder¬ 
ing in its extent,, and it would be a great misfortune if 
this led to the notion that every chemist must try to 
enlarge his ambit to its confines and fit himself for every 
variety of work. Those of us who have responsibilities 
as teachers cannot, I think, be too careful, lest in the 
attempt to secure breadth we may encourage shallowness 
and fail to give our students that peculiar and time- 
honoured discipline in exactitude of work in chemistry 
proper, which has characterised the chemists of the past, 
and which is infinitely more important than superficial 
dealings with a great variety of processes and appliances. 

I confess that I have frequent misgivings as to whether 
our modern courses of instruction may not tend to turn 
out chemists more learned in the science and less perfect 
in the art than was the case under the ancient regime. 
There was, after all, great virtue in the system which 
often detained a student day after day, or perhaps week 
after week, on a single problem of chemical composition 
such as is involved in the exact analysis of fahl-ore. It 
is not easy to meet all requirements, but I think we shall 
all agree that, whatever is left undone, we must make a 
chemist a good craftsman. It is of the utmost importance 
that those whom we send out to work in the newer fields 
shall take with them the resources that have proved most 
serviceable in the old, and I think it is by supplying such 
men for special service, rather than by attempting to shift 
the centre of gravity of the whole system of chefnical 
education, that we can best serve the newer interests. 

Another perturbation within the chemical camp in recent 
times has come from the region of philosophy. Even 
before the days of radium we have been accused of cling¬ 
ing too fondly to our atomic theory and of stating our 
knowledge too exclusively in terms of that theory. We 
are said to have drifted into a dogmatism as real as any 
we ourselves have had to attack, and to shut our eyes to the 
light which will enable us to orient ourselves truly in the 
wide realm of thought. The answer that most of us would 
give would be, that we value our hypotheses according to 
their productiveness in new knowledge, and that it is, on 
the whole, perhaps better to over-exalt an hypothesis that 
is fertile than from high considerations of philosophy to 
allow our ideas to become so fluid that they can afford 
no rigid framework for thought. I think that the attempts 
to view chemical phenomena apart from the atomic hypo¬ 
thesis, interesting as they undoubtedly are, have not made 
us feel that this hypothesis has either misled us in any 
matter of fact or obscured any pathway that we might 
have followed with greater profit. The value of the 
thermo-dynamical treatment of chemical problems is 
attested by its fruitfulness in promoting fresh discoveries; 
and here we may welcome a valuable adjunct to the 
atomic hypothesis. But I do not think we are called upon 
to acclaim a new method of treating old questions unless 
it promises some more tangible result than an alleged 
improvement of our intellectual morals. 

If, as I have ventured to hint, mathematics brings with 
it an element of danger into chemistry, I think that the 
intrusion of metaphysics would give far greater cause for 
apprehension. Philosophy always stands with open arms 
desiring a closer embrace of all the sciences, of which 
she declares herself to be the fond mother, whilst Science, 
as we understand the term, has stood reluctant, suggest¬ 
ing. as someone has wittily remarked, that she regards 
Philosophy rather as a mother-in-law. It may perhaps 
be desirable, especially in the present state of things, that 
scientific men should allow themselves to become a little 
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more interested in deep questions affecting all knowledge, 
and. should at least examine with some care the gifts that 
Philosophy is so anxious to bestow upon us. I have a 
fear that otherwise in the elaboration of scientific theory 
we may find ourselves embroiled in an unequal contest 
with what I cannot but regard as the traditional enemy— 
I mean the unmitigated metaphysician—and the sugges¬ 
tion that I make is, to tell the truth, not so much from 
the hope of gain as from the desire for self-defence and 
the safe preservation of the methods that have served us 
so well in the past. 

I think the accusation that we delude ourselves into 
the belief that our hypotheses are final truth is not true 
of any thoughtful' chemist; the great men of science have 
surely possessed that quality of mind which philosophy 
would most approve. If, as has often been remarked, 
Faraday was mathematically-minded, though untrained in 
mathematics, it seems not less true that he stood in the 
same relation to philosophy. When, for example, he was 
asked to express his opinions on the atomic theory, he 
wrote as follows :— 

“I do not know that I am unorthodox as respects the 
atomic hypothesis. I believe in matter and its atoms as 
freely as most people—at least I think so. As to the 
little solid particles, which are by some supposed to exist 
independent of the forces of matter, and which in different 
substances are imagined to have different amounts of these 
forces associated with, or conferred upon, them (and which 
even in the same substance, when in the solid, liquid, and 
gaseous state, are supposed to have like different propor¬ 
tions of these powers), as I cannot form any idea of them 
apart from the forces, so I neither admit nor deny them. 
They do not afford me the least help in my endeavour to 
form an idea of a particle of matter. On the contrary, 
they greatly embarrass me; for after taking account of 
all the properties of matter, and allowing in my consider¬ 
ation for them, then these nuclei remain on the mind, and 
I cannot tell what to do with them. The notion of a solid 
nucleus without properties is a natural figure or stepping- 
stone to the mind at its first entrance on the consider¬ 
ation of natural phenomena; but when it has become 
instructed, the like notion of a solid nucleus, apart from 
the repulsion, which gives our only notion of solidity, or 
the gravity, which gives our notion of weight, is to me 
too difficult for comprehension ; and so the notion becomes 
to me hypothetical, and, what is more, a very clumsy 
hypothesis. At that point, then, I reserve my mind as I 
feel bound to do in hundreds of other cases in natural 
knowledge.” 

This is the attitude of mind, I think, of all thoughtful 
chemists; if they do not exhibit it ostentatiously it is only 
because it is as disturbing to the proper work of a chemist 
for him to be constantly dwelling on the inward nature 
of his hypotheses as it is distracting in ordinary life to 
have men always talking about their'emotions. 

Few, I think, will deny that the atomic theory stands 
to-day as an indispensable instrument for productive 
chemical work ; it has neither had its day nor ceased to 
be. Physicists have never been quite satisfied with the 
hard indivisible ball of specific substance and definite mass 
which has served chemistry so well. They have given it 
bells, have made a vortex ring of it, and have indeed 
done much that few chemists can understand to make it 
meet the exacting requirements of their science. But to 
us it has always been the same; what we have done to it 
has been external ; we have given it, vaguely perhaps, a 
charge of electricity, a store of energy; we have attached 
the hooks or rods of valency, but we have not meddled 
with its interior. We are now called upon by chemical 
considerations of change of composition, as well as by 
other considerations more recondite, to subdivide our atom, 
to credit it with an unsuspected store of energy, to consider 
it a congeries of unsubstantial electrons. We should wish, 
of course, to know that the evidence is good enough, but 
otherwise there can be no possible objection from our side; 
it will undo nothing that has been done, and we may have 
good hopes that it will lead to the doing of manv new 
things in chemistry. The newer theories are in conson¬ 
ance with the old in one most vital point: they afford 
those^ mental pictures .of phenomena which most of us 
find indispensable for fruitful work. They do not belong , 
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to what Prof. Schuster has characterised as “ the evasive 
school of philosophy.” “ Those,” he says, “ who believe 
in the possibility of a mechanical conception of the 
universe, and are not willing to abandon the methods 
which from the time of Galileo and Newton have uniformly 
and exclusively led to success, must look with the gravest 
concern on a growing school of scientific thought which 
rests content with equations correctly representing 
numerical relationships between different phenomena, even 
though no precise meaning can be attached to the symbols 
used.” Most of us, I think, will take comfort in this 
pronouncement and rejoice that if our conception of the 
atom is to be transformed, it may still be represented as 
having some kinship with what Sir Henry Roscoe’s famous 
examinee described as the “ square blocks of wood invented 
by Dr. Dalton.” 


SECTION C. 

GEOLOGY. 

Opening Addkess by Prof. J. W. Gr£«6ry, D.Sc., 
F.R.S., President of the/3ection. 

I. The Geological Socipiy of London. 

1907! This is the centensfry year of the Geological 
Society of London ; next month the British geologists will 
celebrate the event, and their pleasure will be enhanced 
by the sympathetic presence of a distinguished company 
of foreign geologists. 

With a just feeling of satisfaction may we celebrate 
this event; for to the Geological Society of London is due 
the conversion of Geology from a fanciful speculation to 
an ordered science. Yet so quietly has this society done 
its work that the debt due to it is inadequately realised. 
When we consider what the world owes to Geology in 
respect of its economic guidance—the intellectual stimulus 
of its conceptions—the reverence it inspires for the vener¬ 
able and majestic universe—its liberating influence from 
dogma—we may rightly regard the work of the Geological 
Society as one of the most valuable British contributions 
to intellectual progress during the nineteenth century. 

A hundred years ago the spirit of the eighteenth century 
still controlled much of the then orthodox Geology. 
Jameson’s “ Elements of Geognosy,” of which the preface 
is dated January 15, 1808, taught, as the certain con¬ 
clusions of Geology, doctrines that had been reached by 
applying prejudiced speculation to imaginary facts. It 
was a manual of pure, a priori , Wernerian Geology. The 
author claimed that to Werner “ we owe almost every¬ 
thing that is truly valuable in this important branch of 
knowledge”; and that it was Werner “who had dis¬ 
covered the general structure of the crust of the globe 
and pointed out the true mode of examining and ascertain¬ 
ing those great relations which it is one of the principal 
objects of geognosy to investigate.” 

But Jameson’s book was the death-song of Wernerian 
Geology in British science. A new Geology was develop¬ 
ing ; and the Geological Society of London ushered in its 
birth. No more should observations be made through the 
distorting medium of preconceived fancies! No more 
should Geology be inspired by that heedless spirit, which 
cares not to distinguish between fancy and fact! With 
youthful vigour the new Geology would have nothing to 
do with the search for cosmogonies and such like fancy 
foods; and the Geological Society of London should be 
nourished on unadulterated facts. 

The time was ripe for the change. No less a person 
than Goethe, once an enthusiastic votary of Geology, was 
now, in his play of “ Faust,” holding up its teachers to 
ridicule. The theories “ evolved from the inner conscious¬ 
ness ” of Continental Neptunists and Plutonists were to 
Goethe excellent subjects for caricature. It was then the 
Englishman, Greenough, founded a society to turn Geology 
from the pursuit of fleeting fancies and lead her to the 
study of sober but enduring facts. The members of this 
society were to abandon the quest of scientific chimasras; 
they were to leave to later generations the attempt to 
solve the universe as a whole. 

The Geological Society has owed its influence to its 
bold, original purpose. It was not founded as a drifting 
social union of men, with a common interest in a single 
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science. Its object was to apply to Geology one particular 
mode of research, It adopted as its motto this fine passage 
from Bacon :— 

“ If any man makes it his delight and care—not so 
much to cling to and use past discoveries, as to penetrate 
to what is beyond them—not to conquer Nature by talk, 
but by toil—in short, not to have elegant and plausible 
theories, but to gain sure and demonstrable knowledge; 
let such men (if it shall seem to them right), as true 
children of knowledge, unite themselves with us.” 

The methods of the society were as practical as its 
ideals. London, with characteristic unconventionality and 
originality, has used its scientific societies as its university 
for post-graduate teaching. Informally the Geological 
Society enrolled every British master of Geology on its 
staff of unpaid professors, then set each of them to teach 
the branch of Geology which he knew best. And these 
professors were no carpet knights; they were knights 
errant who derived their knowledge, not from books alone, 
but from their wanderings over hills and dales, in mines 
and quarries, by ice-polished rocks and water-worn valleys. 
At its meetings the leaders of the society announced what 
they had discovered, gave sure and demonstrable proofs 
of their discoveries, 'and showed in what direction the 
geological forces should be directed for the conquest of 
Nature. The goodly fellowship of the Geological Society 
has always encamped on the ever-advancing frontier of 
geological knowledge, where the well-surveyed tracks pass 
out into the bright, alluring realms of the unknown. 

The actual founders • of the Geological Society were 
apparently men of less showy intellect than the great 
Werner, whose teaching had intoxicated many of the most 
gifted of his enthusiastic pupils. They were men, like 
Horner and Greenough, who had a practical insight that 
enabled them to give a permanent help to the progress 
of science. They had that -supreme gift, the power to 
see things as they are. It would not be fair to claim 
for them that they were the originators of accurate 
methods in Geology ; such methods had been used before 
their day—by William Smith in England, by Lehman in 
Germany, and by Desmarest in France. But these men, 
acting singly, had not been able to save Geology from the 
eighteenth-century spirit of adventurous speculation, nor 
had they lifted from Geology the burden of those quaint 
theories, that made this science the butt of Voltaire’s 
luminous ridicule. 

The great achievement of the Geological Society has 
been this : as a corporate body it has been able to spread 
its influence very widely; its clear-sighted pursuit of a 
practical ideal has been adopted in other countries; its 
resolute rejection of the temptation to wander in dream¬ 
land has affected geological students all over the world. 
In this way has been laid a broad foundation of positive 
knowledge upon which modern Geology has been built. 

The fine self-restraint, which induced the founders of 
the Geological Society to restrict its work for a while to 
observing the surface of the earth, has had its reward. 
The methods this society was founded to employ, have 
been so widely used, that we now have geological maps 
of a wider area than was known to geographers of a 
century ago. The general distribution of all the rocks on 
the earth’s surface has been discovered; most settled 
countries have been surveyed in some detail ; the main 
outlines of the history of life on the earth have been 
written and carried back almost as far as palaeontologists 
are likely to go. There are doubtless fossiliferous areas 
still undiscovered in the “ back blocks ” of the world ; but, 
though negative predictions are proverbially reckless, it 
seems probable that Palaeontology will not carry geological 
history materially farther back. Fossils have been dis¬ 
covered in the prae-Cambrian rocks; the best known is 
the fauna described by Walcot from Montana; but his 
Beltina, the oldest well-characterised fossil, is still of 
Palaeozoic type. It may be that the poverty of carbonate 
of lime, which is so' characteristic a feature of most 
Cambrian and prae-Cambrian sediments, indicates that the 
bulk of the contemporary organisms had chitinous shells 
or were soft-bodied. Palaeontology begins with the. appear¬ 
ance of hard-bodied organisms; it can only reveal to us 
the dawn of skeletons, not the dawn of life. We are 
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dependent for knowledge of the climate and geography of 
Eozoic time to the evidence of the sediments, of which 
there are great thicknesses beneath the fossiliferous rocks 
in most parts of the world. 1 

II. The Geology of the Inner Earth. 

Now that this geological survey of the earth is in rapid 
progress; while the history of life has been written at 
least in outline ; the chief fossils, minerals, and rocks have 
been described and generously endowed with names; and 
the manifold activity of water and air in moulding the 
surface is duly appreciated, it is not surprising to find 
that' the centre of geological interest is shifting to the 
deeper regions of the earth’s crust and to the problems of 
applied Geology. The secrets of these deeper regions are 
both of scientific and economic interest. They are of 
scientific importance, for it is now generally recognised 
that the main plan of the earth’s geography and the 
essential characters of the successive geological systems 
are the result of internal movements. The relative import¬ 
ance, of those, restless external agents that we can watch, 
denuding here and depositing there, has been exaggerated; 
probably they do little more than soften the outlines due 
to the silent heavings produced by the colossal energies 
of the inner earth. 

The study of the deeper layers of the crust is of 
economic interest, for, with keener competition between 
increasing populations and with the exhaustion of the 
most easily used resources of field and mine, there is 
growing need for the better utilisation of soils and waters, 
and for the pursuit of deeper deposits of ore. 

If a shaft be sunk at any point on the earth’s surface, 
a formation of Archman schists and gneisses would prob¬ 
ably always be reached; and, working backward, geo¬ 
logical methods always fail at last—in primaeval, Archaean 
darkness. The Archaean rocks still hide from us the 
earlier period of the earth’s history, including that of all 
rocks which now lie beneath them. But already there 
are indications that the mystery of the “ beyond ” is not 
so impenetrable as it seemed. 

(1) The Nebular and. Meteoritic Hypotheses .—The 
eighteenth century explained the history of the earth by 
the nebular hypothesis of Laplace. Geologists respect¬ 
fully adopted this idea from the astronomers ; they accepted 
it as one of those essential facts of the universe with 
which geological philosophy must harmonise. The result¬ 
ing theory represented the earth as originally a glowing 
cloud of "incandescent gas, which slowly cooled, until an 
irregular crust of rock formed around a gaseous or rholten 
core; as the surface grew cooler, the depressions in the 
crust were filled with water from the condensing vapour, 
forming oceans which became habitable as the temperature 
further fell. The whole earth was thought to have had 
a long period with a universal tropical climate, under 
which, coral reefs grew where flow our polar seas, and 
palms flourished on what are now the Arctic shores. Stilt 
further cooling, had established our climatic zones; and 
it was predicted that in time the. polar cold would creep 
outward, driving all living beings toward the equator, 
until at length the whole earth, like the moon, would 
become lifeless through cold, as it had once been un¬ 
inhabitable through heat. This theory has permanently 
impressed itself on geological terminology; and its 
corollaries, secular refrigeration and the contortion of the 
shrinking crust, once dominated discussions concerning 
climatic history and the formation of mountain chains. 
This nebular hypothesis, however, we are now told, is 
mathematically improbable, or even impossible; and it is 
only consistent with the facts of Geology on the assump¬ 
tion that, in proportion to the age of the world, the whole 
of geological time is so insignificant that the secular 
refrigeration during it is . quite inappreciable; hence 
Geology can no more confirm or correct the theory than 
a stockbreeder could refute evolution by failing to breed 
kangaroos into cows in a single lifetime. 

The theory of the gaseous nebula has been probably of 

1 Such are the Algonkian sediments represented by the Huron bin and 
AleronHans of America, the Aieunkians of Scandinavia, the Karelian of Fin¬ 
land. the Rriovarian of North-West Fra-ce, the Heathcotian of Australia, 
j the Transvaal and Swaziland systems of South Africa,, the Dharwar and 
1 Bijawar systems of India, the Itacolumnite series of Brazil, &c. 
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more hindrance than help to geologists; its successors, 
the meteoritic hypothesis of Lockyer and the planetismai 
theory of Chamberlin, are of far more practical use to 
us, and they give a history of the world consistent with 
the actual records of Geology. According to. Sir Norman 
Lockyer’s meteoritic hypothesis, nebulae, comets, and many 
so-called stars consist of swarms of meteorites which, 
though normally cold and dark, are heated by repeated 
collisions, and so become luminous. They may even be 
volatilised into glowing meteoric vapour; but in time this 
heat is dissipated, and the force of gravity condenses a 
meteoritic swarm into a single globe. Some of the swarms 
are, says Lockyer, “ truly members of the solar system,” 
and some of them travel around the sun in nearly circular 
orbits, like planets. The)? may be regarded as infini¬ 
tesimal planets, and so Chamberlin calls them planetismals. 

The planetismai theory is a development of the meteoritic 
theory, and presents it in an especially attractive guise. 
It regards meteorites as very sparsely distributed through 
space, and gravity as powerless to collect them into dense 
groups. So it assigns the parentage of the solar system 
to a spiral nebula composed of planetismals, • and the 
planets as formed from knots in the nebula, where many 
planetismals had been concentrated near the intersections 
of their orbits. These groups of meteorites, already as 
solid as a swarm of bees, were then packed closer by the 
influence of gravity, and the contracting mass was heated 
by the pressure, even above the .normal melting-point of 
the material, which Was kept rigid by the weight of the 
overlying layers. 

This theory has the recommendation of being consistent 
with the history of the earth as interpreted by Geology. 
For whereas the nebular hypothesis represents the earth 
as having been; originally intensely hot, and having 
persistently cooled, yet geological records show that an 
extensive low-level glaciation occurred in Cambrian times 
in low latitudes in South Australia; 1 indeed, it seems 
probable that, in spite of many great local variations, the 
average climate of the whole world has remained fairly 
constant throughout geological time. Whereas it has often 
been represented, in accordance with the nebular theory, 
that volcanic action has steadily waned, owing to the 
lowering of the earth’s internal fires and the constant 
thickening of its crust, yet epochs of intense volcanic 
action have recurred throughout the world’s history, 
separated by periods of comparative quiescence. Whereas 
it has been assumed, as a corollary to the nebular theory, 
that the force which uplifted mountain chains was the 
crumpling of the crust owing to the contraction of the 
internal mass, yet observation reveals that the crust has 
been corrugated, and fold mountains formed by contraction 
to an extent far greater than secular cooling can explain. 

(2) The Materials of the Inner Earth .—This planetismai 
hypothesis is not only consistent with geological records, 
but also with the known facts as to the internal compo¬ 
sition of the earth and the structure of extra-terrestrial 
bodies as revealed by. meteorites. Meteorites are of two 
main kinds—the meteoric irons, which consist of nickel 
iron, and stony meteorites, which are composed of basic 
minerals. Some of the stony meteorites have been 
shattered into fault breccias, showing that they are frag¬ 
ments of larger bodies which were subject to internal 
movements, like those that have formed crush con¬ 
glomerates in the crust of the earth. Those stony 
meteorites, therefore, both in composition and structure 
resemble the rocks in the comparatively shallow fracture 
zone of the earth’s crust. The nickel-iron meteorites, on 
the other Hand, represent the barysphere beneath the 
crust. 

The earth appears to consist of material similar to that 
of the two types of meteorites; but whether the propor¬ 
tions of the. two materials in the earth represent their 
proportions in other bodies and in meteoric swarms is 
problematical. There appear to be no satisfactory data for 
an estimate of the relative abundance in space of the iron 
and stony meteoric material. Stony meteorites have been 
seen to fall far more frequently than iron meteorites; 
but the largest known meteorites are of the nickel-iron 
group, although this material, in moist climates, very 
soon decays. The' most. trustworthy indication as to the 

1 As shown by the work of Prof. Howchin, of Adelaide, 

NO. 1971 , VOL. 76] 


relative amounts of the stony and nickel-iron meteorites 
is given by a comparison of the weight, of the two types, 
of material in meteorites of which the fall was seen. 
According to Mr. Fletcher’s list of the meteorites in the 
British Museum up to 1904, the collection included 319 
specimens of which the fall is recorded: of them 305 
specimens were stony meteorites. of an average weight oi 
2-63 lb., 9 were iron meteorites of an average weight ol 
2-31 lb., and 5 were siderolites for .meteorites containing 
a large proportion of both silicates and nickel iron) of an 
average weight of 54 lb. 1 Therefore, according to this 
test, the stony materials would appear to- be the more 
abundant. But if all known meteorites are considered, 
the iron group far outweighs- the other; for the iron 
meteorites in the British Museum collection weighed 
11,873 lb., as against a total weight of only 865 lb. of 
stony meteorites. The available evidence suggests that 
the stony meteorites fall the more frequently on the earth, 
but the meteoric. irons come in such large masses that 
they outbalance the showers of the smaller stones. 

We might have expected help from another source in 
examining what lies below the Archaean rocks. Cannot 
the relative proportions of the stony and metallic con¬ 
stituents in the earth help us? Unfortunately, this pro¬ 
portion is as uncertain as that of stony and iron meteoritic 
material. The best-established fact about the interior of 
the earth is that its materials are much heavier than 
those of its crust. The specific gravity of the earth as 
a whole is about 5-67 ; the specific gravity of the materials 
of the crust may be taken as : about 2-5, while that of 
the heavier basic rocks is only about 3-0. Hence the 
earth as a whole weighs about twice as much as it would 
do, if it were built of materials having the same density 
as those which form the crust. 

Two explanations of the greater internal weight of the 
earth have been given. According to one, the earth is 
composed throughout of the same material, and the 
internal mass is only heavier because it is compressed by 
the weight of the overlying crust. Laplace estimated, that 
the materia! would gradually increase in density from the 
surface to the centre, where its specific gravity would be 
10*74, and the calculations of Schlichter show that con¬ 
densation due to compression may be adequate to account 
for the greater internal weight. 

According to the alternative or segregation theory, the 
difference in density is explained as due to a difference 
in composition ; the interior of the earth is thought to* 
be heavier owing to the concentration of metals within it. 
The probability of this metallic interior has been advanced 
from several lines of evidence ; and the assumed metallic 
mass has received from Posepny the name of the “ bary- 
sphere, ” or heavy sphere. According to this view the 
earth is essentially a huge ball of iron, which, like modern 
projectiles, is hardened with nickel; and it is covered 
by a stony crust, the materials of which were primarily 
separated from the metallic mass, like the slag formed 
on a ball of solidifying iron in a puddling furnace. 

It has been objected that the weight of the earth is 
not great enough for much of it to be composed of metallic 
iron or of meteoritic material. The specific gravity of 
iron under the pressure at the earth’s surface is about 7-7, 
and it would be even greater when compressed in the 
interior. But the barysphere is doubtless impregnated 
with much stony material that would lessen its weight. 
An estimate by Farrington (1897) of the average specific 
gravity of the meteorites of which the fall had been 
recorded is only 3 69. According to the Rev. E. Hill 
(1885) the mean specific gravity of all the meteorites in 
the British Museum was 4-5; and, though Mr. Hill duly 
considered the effect of compression, he. concluded that 
“ the density of the earth is perfectly consistent with its 
being an aggregation of meteoric materials.” Moreover, 
within the metallic barysphere there may be a core of 
lighter material; for earthquake waves travel more slowly 
in the central core of the earth than in the intermediate 
zone, or are even suppressed altogether there; hence 
the centre of the earth may be occupied by matter less 
compact than that of the shell around it; and, according 

l The weights are j?iv*n in pounds avoirdupois. For the calculation T a m 
indebted to Mr. W. R. Wiseman, of the Geological Department of Glasgow 
University. 
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to Oldham’s calculations, the light central core occupies 
two-fifths of the diameter of the earth. 

The evidence of density alone, therefore, gives no con¬ 
vincing evidence of the nature of the earth’s interior; and 
geologists have been left with no conclusive reason for 
choosing between the condensation and segregation 
theories. Radio-activity has, however, unexpectedly come 
to our aid, and has disclosed a further striking resemblance 
between the internal mass of the earth and the iron 
meteorites. It has supplied direct evidence about the con¬ 
stituents of the earth at depths which have hitherto been 
far beyond the range of observation. Mr. Strutt has 
shown that radium is probably limited within the earth 
to the depth of 45 miles; that the deeper-lying material 
is free from radium; and that this substance is not found 
in iron meteorites. 

The agreement in radio-active properties between the 
iron meteorites and the interior of the earth is an addi¬ 
tional and weighty argument in favour, of the view that 
the earth is largely composed of nicker iron. 

(3) Physical Conditions and Temperatures. —The physical 
condition in which the material exists is now of secondary 
interest. The old controversy as to whether the earth has 
a molten interior inclosed within a solid shell has lost 
its importance, because it has become a mere matter of 
definition of terms. The facts which led geologists to 
believe that the interior of the earth is fluid are consistent 
with those which prove that the earth is more rigid than 
a globe of steel. For under the immense pressure within 
the earth the materials can transmit vibrations and resist 
compression like a solid ; but they can change their shape 
as easily as a fluid. They are fluid just as lead is when 
it is forced to flow from a hydraulic press. Not only are 
geologists now justified in their belief that the deeper 
layers of the earth’s crust are in a state of fluxion, but, 
according to Arrhenius (1900), the earth is solid only to 
the depth of 25 miles, below which is a liquid zone extend¬ 
ing to the depth of 190 miles; and below that level, he 
tells us, “ the temperature must, without doubt, exceed 
the critical temperature of all known substances, and at 
this depth the liquid magma passes gradually to a gaseous 
magma.” This distinguished physicist gives a descrip¬ 
tion of the earth’s interior which reminds us of the views 
of the early geologists. Arrhenius’s theory rests, how¬ 
ever, on the existence within the earth of exalted tempera¬ 
tures ; and this assumption a geologist may now hesitate 
to accept with less risk of getting into disgrace than he 
would have run a few years ago. It is improbable that 
the rapid increase of heat with depth which is observed 
near the surface should continue below the lithosphere; 
for, if the earth consists in the main of iron, even although 
it be arranged as a mesh containing silicates in the inter¬ 
spaces, the heat conductivity might be sufficient to keep 
the whole metallic sphere at a nearly equal temperature. 
Here, again, Mr. Strutt’s work on radio-activity is in full 
agreement with the requirements of geologists, for he 
estimates that below a crust 45 miles thick the earth 
has a uniform temperature of only 1500° C. Whether the 
further conclusion, that this heat is due to the action of 
the radium in the crust, be established or not, it is gratify¬ 
ing to hear a physicist arguing in favour of a moderate 
and uniform internal temperature. 

All that the actual observations prove and that geological 
theories require is that the material within the earth be 
intensely hot, and that it lie under such overwhelming 
pressure that it would as readity change its form and as 
ouicklv fill up an accessible cavity as any liquid would 
do. Whether such a condition is to be described as solid, 
liquid, or gaseous is of little concern to geologists. 

III. The Deep-seated Control over the Earth's Surface. 

The modern view of the structure of the earth adds 
greatly to the interest of its study, for it recognises the 
world as an individual entity of which both the geological 
Structure and the history have to be considered as a 
whole. Once the earth was regarded as a mere lifeless, 
inert mass which has been spun by the force of gravity, 
that hurls it on its course into the shape of a simple 
oblate spheroid. Corresponding with this astronomical 
teaching as to the shape of the world was the geological 
doctrine, that all its topography is the work of local 
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geographical agents, the control of which over the surface 
of the earth is as absolute as that of the sculptor’s chisel 
over a block of marble. 

Both these conceptions are now only of historic interest. 
The irregular individual shape of the earth is expressed 
by its description as a geoid. The processes which have 
produced its varying shape have also controlled its geo¬ 
logical history and evolution, for they cause disturbances 
of the crust, which affect the whole earth simultaneously ; 
and so the geographical agents are given similar work 
and powers at the same time in different places. 

Hence there is a remarkable world-wide uniformity in 
the general characters of the sedimentary deposits of each 
of the geological systems. The last prse-Cambrian system 
includes thick masses of felspathie sandstones alike in the 
Torridonian of Scotland, the sparagmite of Scandinavia, 
the Keweenawan Sandstones of the United States, and 
perhaps also the quartzites of the Rand. The Cambrian 
has its greywackes and coarse slates and its numerous 
phosphatic limestones; the Ordovician its prevalent shales 
and slates ; the Silurian its episodal limestones and shales. 
The Devonian has its wide areas of Old Red Sandstones 
as a continental type, while its marine representatives 
show the prevalence of coarse grits and sandstones in the 
lower series, of limestones and slates in the middle series, 
and the recurrence of sandstones in the upper series ; and 
this sequence occurs alike in North-Western Europe, in 
America, and Australia. The Carboniferous contains the 
first regional beds of thick limestone and the first important 
Coal Measures. The Trias is as characterised by rocks 
indicating arid continental conditions in America and 
Australia and South Africa, as Prof. Watts has shown 
then prevailed in the neighbourhood of Leicester. In the 
Mesozoic era we owe to Suess the demonstration of the 
world-wide influence of those marine encroachments or 
“ transgressions ” whereby the great continents of the 
Trias were gradually submerged by the rising sea. 

Speaking generally, there is a remarkable lithological 
resemblance between contemporary formations in all parts 
of the world. This fact had been often remarked, but was 
usually dismissed as due to a number of local isolated 
coincidences of no special significance. But the coinci¬ 
dences are too numerous and too striking to be thus lightly 
dismissed. They are among the indications that the main 
earth-changes have been due to world-wide causes, which 
led to the predominance of the same types of sedimentary 
rocks during the same period in many regions of the 
world. 

The conditions that govern the geological evolution and 
general geography of the earth are probably due to the 
interaction between the earth’s crust and the contracting 
interior; they may take place as slow changes in the form 
of the earth, causing the slow rising or lowering of the 
sea surface, or the slow uplift or depression of regions 
of the earth’s crust; or they may give rise to periods of 
violent volcanic action in many parts of the 5 arth, between 
which may be long periods of quiescence. The geo¬ 
graphical effects of changes in the earth’s quivering mass 
affect distant regions at the same time. Therefore the 
landmarks of physical geology will probably be found to 
give more precise evidence as to geological synchronism 
than those of Palaeontology, on which we have hitherto 
had to rely. 

IV. Plutonists and Ore-formation. 

Belief in the earth’s internal fires was most faithfully 
held amongst geologists by the Plutonists of the eighteenth 
century, and repudiated with equal thoroughness by the 
Neptunists, who refused to concede that volcanic action 
was due to deep-seated cosmic causes. Thus Jameson in 
1807 stoutly maintained that volcanoes were superficial 
phenomena due to the combustion of beds of coal beneath 
fusible rocks, such as basalt, and that the explosions were 
due to the sudden expansion of sea-water into steam bv 
contact with the burning coal. Volcanoes, according to 
this view, were correctly described as burning mountains, 
giving forth fire, flame, and smoke. The extreme 
Neptunist and Plutonist schools have long since been 
extinct, but the controversy is not quite closed. The 
battlefield is now practically restricted to economic geology, 
and the issue is the origin of some important ores. 
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Ore deposits present so many perplexing features that 
deep-seated igneous agencies were naturally invoked to 
explain them, and some of the most thorough-going 
champions of the igneous origin of ores make claims that 
remind us of the eighteenth-century Plutonists. The 
question is to some extent a matter of terms. Many of 
the ores which Vogt, for example, describes as of igneous 
origin he attributes, not to the direct consolidation of 
material from a molten state, but to eruptive after-actions 
due to the hot solutions and heated gases given off from 
cooling igneous rocks. Igneous rocks probably play a 
notable part in the genesis of most primary ore deposits; 
for the entrance of the hot ore-bearing solutions is 
rendered possible by the heat of the igneous intrusions, 
as Prof. Kemp has well shown in his paper on “ The 
Rdle of Igneous Rocks in the Formation of Metallic 
Veins.” Prof. Kemp limits the term “ igneous ” to 
materials formed by the direct consolidation of molten 
material ; and this decision seems to me to be most 
convenient. For example, the quartzite that is so often 
found beneath a bed of basalt is due to hot alkaline water 
from the lava cementing the loose grains of sand; the 
process is an eruptive after-action, but it would be unusual 
to- call such a quartzite an igneous rock. 

(1) Igneous Ores. —That there are ores which are the 
products of direct igneous origin is now almost universally 
admitted. The mineral magnetite is a most valuable 
source’ of iron, and it is a constituent of most basic 
igneous rocks. If iron were a high-priced metal, such as 
tin or copper, of which ores containing one or three per 
cent, are profitably worked, then basalt would be an ore 
of igneous origin. Under present commercial conditions, 
however, basalt cannot be regarded as an iron ore. But 
if the magnetite in a basic rock had been segregated into 
clots or masses large enough and pure enough to pay 
for mining, then they would be iron ores formed by 
igneous action. There are cases of such segregations large 
enough to be mined. The most famous is Taberg, a 
mountain in Smaland, near the southern end of Lake 
Wetter, in ’ Sweden. It is a locality of historic interest; 
a view of it, as a mountain of iron, was published by 
Peter Ascanius 1 in the Philosophical Transactions in 1755, 
and Sefstrom discovered the element vanadium in its ore 
in 1830. 

Taberg consists of an intrusive mass of rock composed 
of magnetite, olivine, iabradorite, and pyroxene. Many 
theories of its formation have been advanced. The view 
generally adopted is that of Tbrnebohm, who described 
the rock as a variety of hvperite in which there has been 
a central segregation of magnetite to such an extent that 
some of it contains 31 per cent, of iron. Tornebohm 
claims to have traced a gradual passage from normal 
hvperite to a variety poor in felspar, then to one without 
felspar, and finally to a granular intergrowth of magne¬ 
tite and olivine. This Taberg ore was mined and smelted 
for iron in the eighteenth century, when transport was 
more costly and commercial competition less keen than it 
is to-day. The ore has been worked at intervals as late 
as 1870; and as the hill is estimated to contain 100 million 
tons of ore above the level of the adjacent railway, it is 
not surprising that efforts are being again made to utilise 
the deposit, in spite of its low grade and high percentage 
of titanium. The Taberg rock has almost reached the 
line which divides magnetite-bearing, rocks from useful 
iron ores. Its igneous origin, however, has not been 
universally accepted. The theory has been rejected by so 
eminent an authority as Posepny, according to whom the 
ore occurs in solid veins as well as in grains; and he 
holds that, like other Scandinavian iron ores, it was due 
to secondary deposition. During a visit to the mountain, 

I failed to see any secondary veins, except of insignificant 
value. The microscopic sections of the ore show that it 
is a granular aggregate of olivine, generally with labra- 
dorite . and pyroxene. Hence I have no hesitation in 
accepting the view of the Swedish geologists and regard 
Taberg as a magmatic segregation. Posepny 2 has in this 
case carried his Neptunist theory of the genesis of ores 
too far- 

1 vol. xlix. pp. 30-34, p 1 . ii. 

2 F. Posepny. “The Genesis of Ore Deposits,” Tians. Amer. Inst. Min. 
Eng., 1893, p. 323. 
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At Routivaara, in Swedish Lapland, there is a still 
larger mass of magnetite, which is claimed, in accordance 
with the descriptions of Petersson and Sjogren, to be due 
to segregation from the magma of the surrounding gabbro. 
This mass of magnetite is of colossal size, but it is of no 
present economic value, owing to its high percentage of 
titanium and its remote position. 

An igneous origin is claimed by Prof. Hogbom for some 
small masses of titaniferous magnetite in the island of 
Alno, opposite Sundsvall, on the eastern coast of Sweden. 
This case is of interest, as the surrounding rock is not 
basic : it is a nepheline syenite, containing only 2 per 
cent, of magnetite, which, however, has been concentrated 
in places, until some specimens (according to an analysis 
quoted by Prof. Hogbom) contain as much as 64 per cent, 
of magnetite, 9 per cent, of ferrous oxide, and 12 per cent, 
of titanic oxide. 

The Alno magnetites, again, are of no practical value, 
as they are too low in grade and too refractory in nature. 
I understand that about 500 tons of the material have been 
smelted, but with unprofitable results, and the rest of the 
material quarried has been left on the shore. We may 
therefore accept the iron-bearing masses of Alno and 
Routivaara, as well as that at Taberg, as due to mag¬ 
matic segregation, without having conceded much as to 
the igneous formation of ores. The process in this case 
has formed rocks, rich in titaniferous magnetite, from 
which iron could be obtained, but rocks which no iron¬ 
master is at present willing to buy as iron ore. Whether 
a basic igneous rock is to be regarded as an iron ore, or 
as only useful for road metal, depends on cost of treat¬ 
ment. The definition of the term “ ore ” is very elastic. 
Petrographers speak of the minute grains of magnetite 
or chromite in a rock as its ores ; but that is a special 
use of the term “ore.” Usually ore means a material 
which can be profitably worked as a source of metals 
under existing or practicable industrial conditions. 1 
According to this definition, the Swedish deposits of 
titaniferous magnetite are at present doubtfully within the 
category of iron ores. 

The famous iron mines of Middle Sweden at Danne- 
morra, Norrberg, Grangesberg, and Persberg occur under 
different geological conditions; they work lenticles or bands 
of ores in metamorphic rocks, of which some are altered 
sediments; and the view has therefore been held by 
de Launay and Vogt that the ores also are altered 
sediments. 

That ores are formed by igneous segregation of sufficient 
size and purity to be of economic-importance is a theory 
which rests on two chief cases—the nickel ores of Sudbury 
in Canada and the iron ores of Swedish Lapland. 

(2) The Sudbury Nickel Ores .—The nickel ores of Sud¬ 
bury are the most important historically. They have been 
repeatedly claimed as of direct igneous origin by Bell 
(1891), von Foullon (1892), Vogt (1893), Barlow (1903), and 
by other geologists; and his view was advocated before 
the Association at the Johannesburg meeting by Prof. 
Coleman. The theory was stoutly opposed by Posepny in 
1893, and Prof. Beck in 1901 described some of the 
brecciated ore, and showed that its metallic minerals are 
sharply separated from the barren rock. He held that 
such ore must have been formed, not only after the con¬ 
solidation of the rock, but even after or during its sub¬ 
sequent metamorphism. The views of Posepny and Beck 
seem to have been established by additional microscopic 
study of the ores by C. W. Dickson (1903). He has 
shown that the sulphides are separated from the barren 
rock by sharp boundaries, and without any indication of 
a passage between them; that the fragments of ore in 
the rock have short corners, whereas, had they grown 
in a molten magma, the angles would have been rounded, 
and the faces corroded. Most of the ore, moreover, occurs 
as a cement filling interspaces between broken fragments 
of barren rock and along planes of shearing. The Sud¬ 
bury ores, therefore, appear to have been deposited from 
solution during or after the brecciation of the rocks in 
which they occur, and long after their first consolidation. 

1 The Oxford Dictionary adopts a still more restricted definition ; accord¬ 
ing to it an ore is “ a native mineral containing a precious or useful metal 
in such quantity and in such chemical combination as to make its extraction 
profitable.” 
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If Dickson’s facts be right, the Sudbury ores are neces- 
sarily aqueous and not igneous in origin. 

(3) Scandinavian Iron Ores .—The other important 
mining held of which the ores are claimed as of igneous 
origin is Swedish Lapland. Its ores are rich and the ore 
bodies colossal. One mine, Kirunavaara, yielded more 
than one and a half million tons of ore in 1906, and 
according to a recent agreement with the Swedish Govern¬ 
ment the annual output of ore from that mine may be 
raised to three million tons by 1913. 

The chief mining fields of Lapland, although situated 
to the north of the Arctic Circle, have long been known ; 
for some of them contain veins of copper which were 
worked, for example, at Svappavaara in the seventeenth 
century. The iron ores, however, could not be used until 
a railway had been laid through the swamps of Lapland 
to carry the ores cheaply to the coast. In 1862 an ill- 
fated English company began a railway to the Gellivara 
mines, and thirty years later this was completed across 
Scandinavia, ■ from the head of the Gulf of Bothnia at 
Lulea to an ice-free port at Narvik, on the Norwegian 
coast. 

This railway, the most northern in the world, passes 
the two great mining fields of Gellivara and Kiruna. The 
mining field of Kiruna is the larger and at present of the 
greater geological interest, as its structure is simpler and 
its rocks less altered. 

The ore body at Kiruna outcrops along the crest of a 
ridge two miles long, and it is continued beneath Lake 
Luossajarvi to the smaller but still immense ore body of 
Luossavaara. At Kiruna the ore rises to the height of 
816 feet above the surface of the lake, and it varies in 
thickness from 30 to 500 feet, with an average thickness 
of about 230 feet. According to the report by Prof. 
Walfrid Petersson, 1 submitted this year to the Swedish 
Parliament, Kirunavaara contains 200 million tons of ore 
above lake-level, and Luossavaara another 22! million tons. 
The ore is high-grade. According to Lundbohm 60 per 
cent, of the trial pits showed a yield varying from 67 to 
7 } per cent, of iron, and 21 per cent, of them showed a 
yield of from 60 to 67 per cent, of iron. The average of 
nineteen analyses published in Prof. Petersson’s recent 
report gives the contents of iron as 64*15 per cent. Unlike 
the Taberg and Routivaara ores, the percentage of 
titanium is very low; thus in nineteen analyses given by 
Petersson the average of titanic acid is only 0*23 per cent., 
and it varies in the specimens from 0*04 to o*8 per cent. 

The ore lies between two series of acid rocks, which 
have been very differently interpreted, but will no doubt 
be fully explained bv the researches now in progress under 
the direction^ of Mr. Lundbohm. The rocks were first 
called halleflinta, as by Fredholm, and regarded as of 
sedimentary origin. They are now accepted as an igneous 
series,. associated with some conglomerates, slates, and 
quartzites. The ore body itself is bounded on both sides 
by porphyrites, of which that on the lower or western 
side is more basic than that overlying the ore to the east. 
The basic western porphyrite is in contact with a soda- 
augite syenite of which the relations are still uncertain. 
Interbedded with the overlying eastern porphyrite are rocks 
that appear to be volcanic tuffs, and both in the tuffs and 
in the upper, porphyrite are fragments of the Kiruna ore. 

Three main theories of the genesis of the Kiruna ores 
have been proposed. Their sedimentary origin was urged 
on the ground that they occur regularly interstratified in a 
series of altered sediments, and • that the ores, therefore, 
are also sedimentary. This view may be promptly dis¬ 
missed, since the adjacent rocks are igneous. 

The second theory has been advanced independently by 
Prof, de Launay and Dr. Helge Backstrom : according 
to them the porphyrites above and below the iron ores are 
lava flows, and . the ore was a superficial formation de¬ 
posited in an interval between the volcanic eruptions. 
According to de Launay the iron was raised to the surface 
as emanations of iron chloride and iron sulphide; the 
iron was deposited as oxide, and most of it subsequently 
reduced to magnetite during the metamorphism of the 
district. 

1 he third theory—that the ores are of direct igneous 

1 Bihang till Rikd. Prot 1907, 1 Sami., 1 Afd., 84 Haft, No. 707, pp. 
213, 217- 
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origin—has been maintained by Lofstrand, Hogbom, and 
Stutzer; according to them the ores are segregations of 
magnetite from the acid igneous rocks in which they 
occur. The segregation theory has been opposed, amongst 
others, by de Launay and Vogt. Thus, de Launay main¬ 
tains that the segregation would have been impossible in 
such fluid lavas as the Kiruna porphyrites, and is improb¬ 
able, since there is no transition between the ore and the 
barren rock. 

The segregation theory has serious difficulties, and is 
faced by several obvious improbabilities. The ore occurs 
as a band nearly forty times as long as it is broad. It 
has the aspect, therefore, of a bed or a lode. The ore 
has not the granular, crystalline structure of an igneous 
rock like the hyperite of Taberg, but the aspect of a 
material deposited from solution or formed metasomatic- 
ally. It is almost free from titanium, the undesirable 
constituent so abundant in the ores of Taberg and 
Routivaara. 

The igneous theory cannot, however, be lightly dis¬ 
missed, as it is supported by the high authority of Prof. 
Hogbom, and therefore demands careful consideration. 

It has been advanced in two main forms, the one 
considering the ore to have been deposited at the time 
when the igneous rocks are consolidating, the other con¬ 
sidering it was deposited at a later period. According to 
Prof. Hogbom, the ore was syngenetic, being, a true 
magmatic segregation from a syenite. But, according to 
Dr. Stutzer (1906), the segregation was later than the 
consolidation of the syenite. He describes the lode as an 
intrusive banded dyke, of which the chief constituents 
are magnetite and apatite ; and the injection of this dyke 
pneumatolytieally affected the rocks beside it, producing 
an intermediate zone, impregnated with ore, which he 
compares to contact deposits. 1 

In spite of the high authority of Prof. Hogbom, I am 
bound to confess that the Kiruna ores do not impress me 
as of igneous formation. Their bed-like form, microscopic 
structure, and poverty in titanium are features in which 
they differ from those admittedly due to direct magmatic 
segregation. The microscopic sections that I have ex¬ 
amined suggest that both the magnetite and apatite were 
deposited from solution and later than the consolidation 
of the underlying porphyrite, which the ore in part re¬ 
places. An examination of the field evidence supports the 
conclusions of de Launay and Backstrom as to the ore 
being a bedded deposit overlying a lava flow, but enlarged 
by secondary deposition. 

V. Future Supply of Iron Ores. 

This conclusion is perhaps economically disappointing. 
The possible existence of such vast segregations of iron 
in the acid igneous rocks has an important economic 
bearing. There is only too good reason to fear that the 
chief iron ores are comparatively limited in depth; for 
most of them have been formed by water containing oxygen 
and carbonic acid in solution, which has percolated down¬ 
ward from the surface. Ores thus formed are therefore 
restricted to the comparatively limited depths to which 
water can carry down these gases. On the theory, how¬ 
ever, that these ores are primary segregations from deep- 
seated igneous rocks there need be no limit to their depth. 
They would rather tend to increase in size downward, 
while maintaining, or even improving, in the richness of 
their metallic contents. For these bodies may be regarded 
as fragments of the metallic barysphere which have broken 
away from it and revolve around it like satellites float¬ 
ing in the rocky crust. On this conception these ore bodies 
would be of as great interest to the student of the earth’s 
structure, as their existence would be reassuring to the 
ironmaster, haunted as he is by constant predictions of an 
iron famine at no distant date. It is no doubt true that 
many of the richest, most accessible, most cheaply mined, 
and most easily smelted iron ores have been exhausted. 

1 In a later paper, of which only a short abstract has been issued, D*\ 
Stutzer. however, explains that “ the intrusion of the ore dyke was at rela¬ 
tively the same time as the formation of the syenite, and that the ores were 
formed by magmatic separations in situ , or as neregrinating magmatic 
separations (magmatic veins and be^d^d streams'.” He adds that “pneu- 
matolysis plays no inconsiderable r,Me in the formation of these veins.” Dr. 
Stutzer\s position may be summarised as regarding the ores as collected by 
segregation, but deposited in their present position by eruptive after-actions. 


© 1907 Nature Publishing Group 





August 8, 1907] 


NA TURE 


> n 
)°J 


The black-banc! ironstone and the clay iron ores of the 
coalfields, which gave the British iron industry its early 
supremacy, now yield but a small proportion of the ores 
smelted in our furnaces. The Mesozoic beds of the English 
Midlands and of Yorkshire still supply large quantities 
of ore. Nevertheless the British iron industry is becoming 
increasingly dependent on foreign ores. So it would be 
pleasant to find that the Scandinavian iron mines are not 
subject to the usual limits in depth, I fear the typical 
iron deposits of Middle Sweden and of Gellivara will 
follow the general rule; but Kiruna may be an excep¬ 
tion, and its ores may continue far downward along the 
surface of its sheet of porphyrite. The uncertainty in this 
case lies in the extent of the subsequent enrichment and 
enlargement of the bed; if most of the ore is due to 
secondary deposition, then it may be restricted to the 
comparatively shallow depths at which this process can 
act; and though that limit will be of no practical effect 
for a century or more to come, the ore deposit may be 
shallow as compared with gold mines. 

The geological evidence may convince us that all the 
economically important iron ores are limited to shallower 
depths than lodes of gold, copper, and tin ; but this con¬ 
clusion shall not enroll me among the pessimists as to 
the future of the iron supply. Twenty years ago a paper 
on the gold supplies of the world was read to the Associ¬ 
ation at the request of the Section of Economics. About 
the time that the report was issued, there were sixty-eight 
mining companies with a nominal capital of 73,000,000/. 
at work upon the Rand. Nevertheless, the author, accept¬ 
ing the view that “ the future of South African gold¬ 
mining depends upon quartz veins,” concluded : “ There 
is as yet no evidence that the yield will be sufficient in 
amount to materially influence the world’s production. 
As regards India, the prospect is still less hopeful.” 

That quotation may be excused, as it is not only a 
warning of the danger of negative predictions, but of the 
unfortunate consequences that happen when geologists are 
unduly influenced in geological questions by the opinions 
of those who are not geologists. In economic Geology, 
as in theoretical Geology, we should have greater con¬ 
fidence in the value of geological evidence. Negative pre¬ 
dictions are especially rash in regard to iron, it being the 
most abundant and widely distributed of all the metals. 
The geologist who knows the amount of iron in most 
basic' rocks finds it difficult to realise the possibility of 
an iron famine; he can hardly picture to himself some 
future ironmaster complaining of “ iron, iron everywhere, 
and not a ton to smelt.” There are reserves of low grade 
and refractory materials which the fastidious ironmaster 
cannot now use, since competition restricts him to ores of 
exceptional richness and purity. When the latter fail, an 
unlimited quantity could be made available by concentra¬ 
tion processes. The vast quantities of iron ores suitable 
for present methods of smelting in Australia, Africa, and 
India show that the practical question is that of supplies 
to existing iron-working localities, and not of the universal 
failure of iron ores. 

VI. Mining Geology and Education. 

The genesis of ores and the extent of future ore supplies 
are intimately connected questions, and the recognition of 
this fact has led to the remarkable growth of interest in 
economic Geology. This wider appreciation of the prac¬ 
tical value of academic Geology should, I venture to urge, 
be recognised among teachers by giving a more honoured 
place to economic Geology. 

It was inevitable that until, the principles of Geology 
had been firmly established, the detailed study of their 
application should have been postponed. Now, however, 
last century’s work on academic Geology enables the 
difficult problems connected with the genesis of metal¬ 
liferous ores to be investigated with illuminating and 
practically useful results. 

British interest in mining education has therefore been 
revived. Its history has been sadly fitful. Lyell, 1 in 1832, 
deplored the superiority of the Continent in this respect, 
as “ the art of mining has long been taught in France, 
Germany, and Hungary in scientific institutions established 
for that purpose,” whereas, he continues (quoting from 
1 C. Lyell, “ Principles of Geolosry,” vol. i., ed. 2 (1832), p. 63. 

NO. 1971, VOL. 76] 


the prospectus of a School of Mines in Cornwall, issued 
in 1825), “ our miners have been left to themselves^ 
almost without the assistance of scientific works' in the 
English language, and without any ‘ School of Mines, 
to blunder their own way into a certain degree of prac 
tical skill. The inconvenience of this want of system in 
a country where so much capital is expended, and often 
wasted, in mining adventures, has been well exposed by 
an eminent practical miner.” 

Though the chief British School of Mines made a latQ 
start, the brilliant originality of its professors soon carried 
it into the front rank ; but in an evil day for the Mining 
School it was united with a Normal School for the Train¬ 
ing of Teachers, now the Royal College of Science, and 
that school by its great success overwhelmed its older 
ally. Those interested in economic Geology therefor^ 
welcome the recent decision to separate the technical 
from the educational and other courses, while leaving the 
Schools of Mines and Science sufficiently connected for 
successful cooperation. This policy should give such 
opportunities for the teaching of mining research that we 
may not always have to confess, as at present, that British 
contributions to mining Geology do not rank as high as 
those made to other branches of our science. 

Regrets are sometimes expressed, and perhaps still more 
often felt, at the tendency in scientific teaching to become 
more technical; but I, for one, do not fear evil from any 
such change. It is possible that the educational conflict 
of the future will be between academic . science and 
technical science, on grounds in some respects analogous 
to those between classics and science during the last 
century. The advocates of the educational value of 
technical science are not inspired by mere impatience with 
the apparently useless, for they accept the principle that 
the essence of education is method, not matter. There¬ 
fore they claim that the methods and principles of science 
can be better taught by subjects which are being used 
on a large scale in modern industries than by subjects of 
which the interest is still purely theoretical, Those who 
fear that academic science will be neglected if technical 
science be used in education may be encouraged by the 
brilliant revival of classical research since classics lost its 
educational monopoly. Academic science is even less 
likely to be neglected. It will always nave its fascin¬ 
ation for those intellectual hermits—shall I not say those 
saints of science?—who prefer to work for love of know¬ 
ledge, free from the worrying intrusion of the mixed 
problems and fickle conditions of the industrial world; 
and the greater the progress of applied science the more 
urgent will be its demands for help from pure science, 
and, as a necessary consequence, the wider will be the 
appreciation and the more generous the endowment of 
scientific research. 

Technical education must be as rigorous as that in 
academic education, and its connection with the funda¬ 
mental principles must be as intimate. When so taught, 
economic problems provide at least as good a mental train¬ 
ing as those branches of science which are purely theo¬ 
retical. If the new Imperial College of Science and 
Technology carry on the mission for which the Geological 
Society was founded a century, ago, if it inspire its 
students to have their delight in using past discoveries 
on the open surface of the earth, so that they may pene¬ 
trate to what is within, then they will gain that sure 
knowledge of the formation and distribution of ores, which 
is of ever-growing national importance. 


SECTION E. 

GEOGRAPHY. 

Opening Address by George G Chisholm, M.A., R.Sc., 
President of the Section. 

Geography and Commerce. 

The subject which I have chosen for this Address is 
one that is very apt to raise questions that might lead 
to keen and even warm controversy. For the raising of 
such questions no occasion could be less suitable, and it 
will therefore be my endeavour to handle the subject in 
such a manner that burning questions may be altogether 
avoided. For that reason I propose to consider the rela- 
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tions of geography and commerce from an historical point 
of view, which at least gives one the opportunity of con¬ 
fining oneself to less debatable ground than is entered on 
when one ventures on prophecy, that “ most gratuitous 
form of error,” as it is styled by George Eliot. That 1 
shall be able to keep wholly free from debatable matter 
is more than I can hope, but it is my intention to try to 
avoid it as much as possible by illustrating my subject 
chiefly by reference to the broad, familiar facts of com¬ 
merce considered in the light of geographical and other 
implications that may be described as obvious—obvious, 
and yet perhaps not unimportant and not unworthy of 
having attention specially called to them; for, after all, 
the obvious is obvious only to those who are looking in 
the right direction and with the proper focus, not to those 
who are looking another way or far beyond what is 
immediately before them. 

As the first of these obvious considerations I may point 
out that unquestionably the foundation of commerce is 
the mutual advantage to be derived from the exchange of 
commodities produced in different places. Geographical 
relations are therefore of necessity implied in cpmmerce. 
But those who carry on commerce have always aimed at 
the greatest possible advantage to themselves, and the 
commerce that has always attracted the greatest attention 
is that which has resulted in the greatest additions to their 
wealth. Peculiar importance therefore belongs to the geo¬ 
graphical relations between regions which in any given 
circumstances lead to the most profitable exchanges. 

But before applying this consideration there is another 
point which must detain us a little. In speaking of wealth 
as I have just done I am aware that I have made use 
of a term which economists recognise as one requiring a 
great deal of exposition to prevent misunderstanding, and 
there is not the slightest doubt that in the history of com¬ 
merce it has led to great misunderstanding, and therefore 
it is necessary, without entering upon an economic dis¬ 
quisition on the subject, to consider the meaning of the 
term “ wealth ” sufficiently to indicate the way in which 
that misunderstanding has arisen. For this purpose it will 
be most convenient not to give one of the highly abstract 
definitions of wealth which a modern political economist 
will give us, bu,t to go back to the more concrete con¬ 
siderations set forth by Adam Smith, who tells us that 
“ the wealth of a country consists not in its gold and 
silver only, but in its lands, houses, and consumable 
goods of all different kinds.” 1 Now no definition of 
wealth is given by economists which excludes this last 
form of wealth, but the misunderstanding to which I refer 
arises from the fact that this form of wealth is apt to 
be overlooked. It may happen that a country or region 
produces a great abundance of consumable goods in pro¬ 
portion to its population, and hence from this point of 
view be entitled to be regarded as wealthy, and yet may 
not be a country or region that attracts much attention 
by its wealth. What has always attracted attention to 
wealth, and what has caused wealth to have an important 
effect in directing the main streams of commerce, and 
commerce to have an important effect, direct or indirect, 
on history, has been the accumulation of much wealth 
in few hands, so that a comparatively small number of 
people in a community have enjoyed, directly or indirectly, 
the command of a great deal of labour, have had the 
means of providing themselves with commodious and 
luxurious houses, with a variety of other comforts, 
luxuries, and splendours, and over and above that the 
means 'of so directing labour as to add still further to 
their wealth. Such conditions may exist where the great 
bulk of the population are extremely poor. 

Now, it happens that wherever a great abundance of 
consumable commodities is produced on a relatively small 
area there is always in that area a greater or smaller 
number of individuals in whose hands much wealth is 
concentrated. . It is for economists to explain how this 
conies about, or has come about, but it is a fact of the 
utmost importance for geographers to bear in mind in 
considering the relations of commerce and geography. 

The existence of a relatively dense population may be 
due to different causes, such as a great abundance of 
agricultural products, the carrying on of mining or manu- 
1 “Wealth of Nations,” book iv., ch. i. 
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facturing industries, the concentration of the administra¬ 
tion of a great dominion, or the pursuit of commerce 
itself. Where it is due to any cause but the production 
of great quantities of the necessaries of life foodstuffs 
must be imported in large quantities, and where the pur¬ 
suit of manufactures is the cause, or one of the chief 
causes, then the importing of raw materials is entailed. 
Where these are most advantageously found there also 
much wealth is likely to be accumulated in few hands. 

Further it is to be noted that where a comparatively 
small number have the command of much wealth there 
is sure to be a demand for things of such value that they 
can be bought only by the wealthy, things that are more 
or less rare, such as precious metals, jewels, gems, ivory, 
fine woods, ornamental skins and feathers, manufactured 
goods of rare materials or of fine quality, as well as, in 
many places and in most periods of history, slaves. Such 
trade is necessarily limited in amount, but puts great 
profits in the hands of those who carry it on with success, 
and for that reason attracts attention. 

With this class of goods may be associated certain 
others that may be regarded as intermediate in position 
between those which are bought only by the wealthy and 
those which are not merely generally consumed but also 
very widely produced. Amongst these may be mentioned 
salt, the consumption of which is universal, but the pro¬ 
duction of which, away from the seaboards of the warmer 
latitudes, though in a sense widespread, is strictly con¬ 
fined to scattered spots. A more interesting example is 
that of spices, one of which, pepper, has from a remote 
period been very generally consumed, but in still smaller 
quantity than salt, and for that reason has been able to 
bear still higher transport costs. For ages these costs 
were very high, for various reasons, amongst which were 
risks both numerous and great, but the profits of those 
who were successful in the trade were proportionately 
high. 

Peculiar importance in commercial geography is thereby 
given to the relations between the regions that yield or 
yielded spices and those in which they were consumed at 
a great distance from the place of origin, and one of the 
most important facts in human history is that for many 
hundreds of years an extremely valuable trade in these 
commodities was carried on between India and the 
Mediterranean. Spices no doubt were less talked about, 
less prominent as symbols of wealth, than gems and 
jewels, fine woods and ivory, but they formed the basis 
of a larger trade, which was in the aggregate probably 
more profitable than that in the still more costly wares. 

The geographical relations between India and the 
Mediterranean necessarily determined the routes followed 
by this traffic. These routes were singularly few. They 
were practically confined for the most part to minor 
variations in two main routes, one by way of the Red 
Sea, the other by the Persian Gulf. At more than one 
period of history, in very early times in the days of the 
splendour of Assyria and Babylonia, and again in the 
flourishing days of the Caliphs of Baghdad, the Persian 
Gulf route had a peculiar advantage in the existence of 
the large and rich populations that afforded an inter¬ 
mediate market; and another important fact in the rela¬ 
tions of geography and commerce, one that has had vast 
effects on human history, is that the physical conditions 
of the area between the head of the Persian Gulf and the 
Mediterranean are and throughout human history have 
been such as to make the most convenient outlet of that 
route some point or points on that seaboard which in 
ancient times was known as Phoenicia. Between that sea¬ 
board and the Euphrates the desert is sufficiently narrowed 
to be most easily crossed. The most favoured outlets on 
this seaboard were not always the same. They varied in 
different circumstances, which gave a different geographical 
value now to one point, now to another. But on these 
variations, interesting and instructive as they are from 
a geographical point of view, there is no time to enter 
on this occasion, and it will be enough to call attention 
to a very interesting paper by the late Elisde Reclus 
entitled “ La Phdnicie et les Ph^niciens, ” dealing with 
this and other matters connected with the geographical 
basis of Phoenician commerce and industry, a paper too 
that is apt to be overlooked, Inasmuch as it was con- 
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tributed by him with a generosity characteristic of one of 
the least self-seeking natures with which the world was 
ever blessed to a rather out-of-the-way publication, the 
Bull, de la Soc. Neuchateloise de Gcol. (vol. xii., 1900). 
But while I do not desire to enter into details regarding 
the Phoenicians it is necessary to point out how naturally 
and indeed inevitably this position of the Phoenician cities 
between the Mediterranean on the one hand and Meso¬ 
potamia and the Persian Gulf route to India on the other 
hand brought other sources of wealth in its train. Con¬ 
veniences for the distribution of manufactured goods have 
always been one of the most important advantages for 
the development of manufacturing industry, and the 
wealthier the community forming the market for the pro¬ 
ducts of such industry the more valuable are the manu¬ 
factures likely to be. Hence the Phoenician manufactures 
of fine linens and woollens richly dyed, glass and metal 
wares, for which other parts of the Mediterranean and 
its seaboard furnished the raw materials, slaves to do the 
manual labour, and food for that population which the 
narrow strip of Phoenicia could not adequately supply. 
Food is indeed a bulky commodity, but even bulky com¬ 
modities could be transported by sea at a relatively small 
cost, and in connection with this traffic we must note the 
indirect effect which the wealth of Phoenicia must have 
had in promoting the settlement of districts favourably 
situated for supplying food, and especially of such districts 
where the opportunities for producing food were great, 
but not fully turned to account, where the supply there¬ 
fore could easily be made superabundant in proportion to 
the wants of the population. This shows that from the 
very nature of commerce its benefits are not confined to 
one side. Although the geographical conditions for a long 
period of time led to a special accumulation of the wealth 
due to commerce on Phoenicia, Phoenician trade promoted 
the growth of wealth and civilisation elsewhere. The 
Greeks of the i*Egean distinctly recognised what they owed 
to the Phoenicians, and they in their turn derived much 
wealth from Eastern trade, even though not so directly 
as the Phoenicians, and they in their turn derived some 
•of the food for a commercial population from the far west 
—from Syracuse, Sybaris, and even the distant Kume. 
But the far east had a peculiar fascination. As the 
articles from which much of the wealth of commerce was 
derived originally came from India, it was natural that 
the idea should arise that India was a wealthy country, 
a country well worth possessing. I am not aware whether 
India ever was in historical times a wealthy country in 
the sense of producing a great abundance of the neces¬ 
saries and ordinary conveniences and comforts of life in 
proportion to the population, but if it was not rich itself 
it was at least the means of making others rich. There 
can hardly be a doubt that the desire of possessing this 
country of real or imagined wealth was prominent among 
the motives that led Alexander the Great to embark on 
that enterprise which had such surprisingly—one might 
almost say miraculously—widespread, profound, and last¬ 
ing effects on the history of the Near East. If we may 
accept as historical the speech in which Quintus Curtius 
represents Alexander as having addressed his troops after 
his victory over Porus, in order to encourage them to 
advance further into India, that speech affords fairly 
strong evidence of what has just been stated. “ What 
now remained for them,” said Alexander, “was a noble 
spoil. The much-rumoured riches of the East abounded in 
those very regions to which their steps were now bent. 
The spoils accordingly which they had taken from the 
Persians had now become cheap and common. They were 
going to fill with pearls, precious stones, gold, and ivory 
not only their private abodes, but all Macedonia and 
Greece.” Alexander was no merchant. Pepper was 
beneath his notice. His symbols of wealth are those which 
have always most powerfully affected the imagination. 
Later on, however, we shall meet with a king who was 
a merchant, and who understood perhaps better than 
Alexander wherein consisted the value of Indian trade. 

At the outset of his career Alexander had destroyed 
Tyre, thinking, no doubt, that he had thereby wiped away 
the claims of one rival for a share of the wealth of the 
East; but it is a noteworthy fact that he did not thereby 
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destroy the value of the site of Tyre under the conditions 
which then subsisted. Tyre revived and again obtained 
wealth from its trade with the East, as it did again and 
again in subsequent history. A heavier blow to Tyre than 
its mere destruction was the ultimate accomplishment of 
Alexanders idea for founding a great seat of commerce 
on the harbour which he saw could be created in the 
neighbourhood of the Nile delta. The foundation of 
Alexandria and the successful efforts of the successors of 
Alexander in Egypt to divert a large part of the trade in 
spices and other Oriental goods to the Red Sea route for 
the Mediterranean did more than a single act of war to 
deprive Tyre and other Phoenician cities of the peculiar 
preeminence which they had long enjoyed in the trade 
in those wealth-bringing commodities. 

But perhaps the history of Venice shows even more 
clearly than that of Tyre the importance of this eastern 
trade in connection with certain inevitable geographical 
relations. The foundation of the future commercial glory 
of Venice may be said to have been laid when Rome 
planted her colonies north of the Po. The gradual clear¬ 
ing of forests gained for agriculture to a greater and 
greater extent one of the most favoured agricultural areas 
in Europe. There resulted a superfluity of agricultural 
products, which begot a trade by sea. The great outlet 
of this plain in Roman times was Aquileia, which in the 
beginning of the fifth century, when no one of discern¬ 
ment could imagine that there would ever be other than 
Roman times, was described by a Roman man of affairs 
and minor poet as one of the nine great cities of the world. 
But before that century was out Aquileia was destroyed, 
never to recover. The value of its site was replaced, and 
that in a strange way, which no man of discernment could 
ever have foreseen. The time that saw the destruction 
of Aquileia and the times that immediately followed were 
such as made safety a prime consideration, and especially 
for all who possessed or desired to possess wealth. 
Refugees from Aquileia, and afterwards from other Italian 
cities, thought at first of nothing but safety. Many of 
them found it on a few muddy and sandy islands near 
the muddy shores of the lagoon in which Venice now lies. 
But here they found the means of trade. The sea could 

be made to furnish both fish and salt, and the rivers 

that flowed into the lagoon enabled them to exchange 
these commodities for provisions of other kinds which the 
adjoining land could supply. Gradually this commerce 

grew, until in the eighth century we find the Venetians 
trading with Syria and Africa, Constantinople, and the 
ports of the Black Sea. 

Throughout the period of growth the policy of this 
trading republic, both by land and sea, is very significant. 
Venice early realised the force of Bacon’s maxim “ that 
he that commands the sea is at great liberty, and may 
take as much and as little of war as he will.” Power at 
sea was necessary to provide security for her commerce. 
In early times she generally owned allegiance to the 

Eastern Roman Empire, a suzerainty which could do her 
little harm and could and did do her much good. To that 
allegiance she adhered until she was strong enough to 
turn against and reap advantage from the overthrow of 
her suzerain. At an earlier date, before the close of the 
tenth century, she had conquered Dalmatia, and thereby 
destroyed the hordes of pirates who had found refuge in 
the innumerable harbours of that coast and constantly 
harassed the commerce of the Adriatic. At every oppor¬ 
tunity she secured establishments and acquired possessions 
in the Levant. 

On the land side, however, dominion would have added 
more to her risks than her advantages, and that, dominion 
was not sought. For more than eight hundred years 
after the first flight to the islands of the lagoon, more 
than six hundred after the election of the first Doge (697), 
Venice possessed no territory on the mainland beyond a 
mere narrow ribbon on the edge of the lagoon. The 
nature of the situation made her indispensable to the trade 
of the land immediately behind. An incident belonging to 
the close of the ninth century illustrates the force of this 
observation. A keen dispute had arisen between the 
Patriarch of Aquileia and the Patriarch of Grado. Venice 
supported the Patriarch of Grado, and war seemed to be 
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threatened. But so necessary had the commerce of Venice 
become to the inhabitants of the territory acknowledging 
the authority of Aquileia that in order to bring about the 
submission of the Patriarch of Aquileia it was enough to 
close or blockade the port of Pilo, on the mainland oppo¬ 
site the lidi. The subjects of Aquileia then forced the 
patriarch to sue for peace. 1 On another occasion, in a 
dispute with the Bishops of Belluno and Treviso, the 
matter was again partly settled through the efficacy of 
the measures taken by the Doge Orseolo II., with the 
consent of the people, to stop commerce with the territory 
of the bishops, by which the inhabitants found themselves 
without supplies of salt, and without the means of ex¬ 
changing their leather and meat for Venetian wares or 
selling the abundant timber of their forests for the build¬ 
ing of Venetian ships. 2 In holding the outlets for mari¬ 
time commerce Venice felt herself to be in the possession 
of “ the keys of trade,” to use the expression employed 
by Sir William Petty in speaking of the analogous position 
of Holland in later times at the mouths of the Rhine, 
Meuse, and Scheldt. 

But while possession on the mainland was not necessary 
to Venice she always recognised and sought the advantage 
of good relations with the occupants of the plains behind 
her, whoever these occupants might be, and on every 
occasion endeavoured to turn to her own benefit the 
vicissitudes of those plains. In her early days she is found 
now in alliance with the Greeks, now with the Pope, now 
with the archbishops of Ravenna, and now with the 
Lombards, just as it happened to suit her interests, and 
in any case taking every opportunity of obtaining direct 
and indirect advantages from trade with the most profit¬ 
able customers in the plains. When famine pursued the 
steps of the Lombard invaders of Italy in the sixth century 
“ the Venetians in their pacific retreat,” says Mutinelli, 3 
“ could send their ships to the ports of Apulia and else¬ 
where to obtain victuals and corn for the famished 
barbarians,” and in consequence the Lombards took them 
under their protection and granted them security and 
favours throughout the Lombard kingdom. When Charle¬ 
magne, at the invitation of the Pope, invaded Italy to 
deliver the Church from its subjection to the Lombards, 
Venetian traders promptly appeared in the camp of the 
Franks at Pavia and sold to the Frankish chiefs all the 
riches of the East--Tyrian purples, the plumage of gay 
birds, silks, and other ornaments, pranked in which the 
purchasers stalked about in their pride, feeling, no doubt, 
that now at last they had conquered a land the wealth of 
which would reward all their labours and hardships. 4 
Charlemagne, it is true, was inclined to look with little 
favour on" the Venetians, whom he regarded as supporters 
of the Greeks, but an attack by his son Pepin in 809 
on the islands of the lagoon only served to establish the 
strength and security of their position, at least on the 
inner islands of the lagoon. By closing the passages of 
the canals, removing the navigation beacons, and fortify¬ 
ing and barring the. chief entrances to the land they 
succeeded in holding out during a siege of six months, 
until the heats of summer began to decimate the troops 
of Pepin, who, on hearing also of the approach of a Greek 
fleet, came to terms with the Venetians on conditions 
similar to those which had been maintained with the 
Lombards. The Venetians agreed to a tribute, but solely 
for the narrow strip of territory held on the mainland 
and in return for commercial privileges in the Frankish 
dominion, not for any recognition of the existence of the 
State. The tribute was afterwards paid or withheld 
according to the power which the Emperors showed of 
enforcing it; but one permanent result of this incident 
was that the Venetians, perceiving the smaller security 
belonging to the Islands nearer the mainland, of their own 
choice made the Rialto the capital of their little State ! 
(810). 

As a last illustration of the nature of the relations of 
Venice to the North Italian plains we may refer to some 

1 Fomanin, “Storia documentata di Venezia,” vol. i., pp. 197-8, 

2 Ibid '., pp. 270-1. 

3 “ Del Cominercio dei Veneziaoi,"'p. 12. 

4 11 De rebus bellicis Caroli Magni,” L. iii., queted by Romanin, as above, 
vol. 1.. p. 130. 

3 Romanin, as above, vol. i., pp. 144-9. 

NO. 1971 . VOL. 76 | 


of the points mentioned in a celebrated and often quoted 
address delivered to the principal senators of Venice by 
the Doge Mocenigo just before his death (1423), at the 
time at which Venetian trade was at the very height of its 
prosperity. At that time Venice was in possession of a 
considerable tract of adjacent territory on the mainland, 
and there was a party favourable to further action on the 
part of Venice against the growing power of Milan. The 
aged and sagacious Doge feared that this party was going 
to gain the upper hand and elect as his successor 
Francesco Foscari, who, he' thought, would involve them 
in dangerous and disastrous as well as useless enterprises. 
The immediate occasion of the conflict of views in the 
Venetian Senate was a request of the Florentines for sup¬ 
port against alleged designs of the Duke of Milan. 
Mocenigo, however, not only warned the senators in the 
most earnest and urgent language against Foscari person¬ 
ally, but also advised them against the particular enter¬ 
prise, maintaining that it was of no consequence even if 
the Duke of Milan made himself master of Florence, since 
the artisans of Milan would continue to send their manu¬ 
factures to Venice, and the Venetians would be enriched 
to the loss of the Florentines. He then went on to give 
particulars of the trade of Venice at that time, dwelling 
specially on the value of that with Lombardy. To 
Lombardy alone, it appears, Venice sold every year cloths 
to the value of 400,000 ducats, tele (? linens) to the value 
of 10,000 ducats : wools of France and Spain to the value 
of 240,000 ducats, cotton to the value of 250,000 ducats, 
wine to the value of 30,000 ducats, cloth of gold and silk 
to the value of 250,000 ducats, soap to the same value, 
spices and sugar to the value of 539,000 ducats, dye-woods 
to the value of 120,000 ducats, other articles 110,000 
ducats : in all, goods to the value of more than 2,500,000 
ducats, the profit amounting to quite half a million ducats. 
With the exaggeration that comes natural to a lover of 
his country Mocenigo goes on to say rather grandiloquently 
that to the Venetians alone land and sea were equally 
open; to them only belonged the carriage of all riches; 
they were the providers, of the entire world. 

All this trade, as well as that of Genoa and other 
Italian ports which shared with others in the spice trade 
must have had a remarkably fructifying effect in North 
Italy generally. Agriculture and manufactures would 
alike promoted, and in consequence of that the growth 
of population ; and when war, with its attendant scourges, 
led to a diminution both of industry and population, this 
commerce could not fail to assist in bringing about a 
speedy recovery. It has already been hinted that in manu¬ 
factures both Milan and Florence took 'a prominent place 
in the time of Mocenigo. In truth, manufactures in both 
cities are of much older date, and it may be interesting 
to mention here that even in the thirteenth century English 
wool was a commodity sufficiently valuable to bear the 
cost of transport to Florence. A letter has come down 
to us, 1 dated London, January 6, 1284, from the repre¬ 
sentative of a Florentine house, giving particulars as to 
purchases that he had made, in many cases for several 
years in advance, of all or a portion of the wool of manv 
English monasteries from Netley and Titchfield, in Hants, 
and Robertsbridge, in Sussex, to Grimsby, in Lincoln¬ 
shire, and Sawley, on the Ribble, in the county of York 
(one of these monasteries, you may be interested to learn, 
as near Leicester as Monks Kirby, about midway between 
Rugby and Nuneaton); and from the work in which this 
letter is published we also get particulars 2 as to the cost 
of conveying wool from London by way of Libourne to 
the Mediterranean port of Aigues Mortes in the same or 

1 Published (176c;) in a work having no author’s name, but stated in the 
British Museum Catalogue to be by G. F. Pagnini della Ventura, and 
bearing the title “ Della Decima e delle altre Gravezze della Moneta. 
e della Mercatura de’ Fiorentini fino al secolo XVf,” the third volume of 
which contains “La Pratica della Mercatura” of Balducci Pegolotti 
(ascribed to the_ first half of the fourteenth century), under whose name the 
work is entered in the British Museum Catalogue. The date of the letter 
is given on p. 94 of vol. ii., and the letter itself on pp. 324-7 of the same 
volume. For_ the identification of the names of monasteries in their much 
disguised Italian forms and spelling I am indebted to mv friend Mr. A. B. 
Hinds, M A., editor of the last issued volume of the “Calendar of State 
Papers (Venice).” Most of them, however, are entered and identified in 
the list eiven from Pegolotti on pp. 629-41 of Cunningham’s “ Growth of 
English Industry and Commerce, Early and Middle Ages,” 4th edition 
(1005). 

2 Ibid,, vol. iii., pp. 261-3. 
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the following century. Florence, indeed, depended on 
England, Spain, and Portugal for wools of fine quality, 
its own and other wools of Italy being of very inferior 
value, so that when four bales of English wool were 
worth in Florence 240 gold florins the same quantity of 
wool of Garfagna dell’ Aquila was worth only 40 florins. 1 
The author of this work adds that he has found no 
indication of the prices of the wools of Spain and Portugal 
in Florence. Besides manufacturing cloths from the raw 
material “ Florence carried on a large trade in dressing 
and finishing woollens manufactured in Flanders and 
Brabant, and brought to Florence either by way of Paris 
and the Sa6ne-Rhone valley or by way of Germany and 
across the Alps. In the time of Mocenigo many of these 
products of Florentine industry came to Venice for export. 
In the address already referred to Florence is said to have 
sent to Venice every year 16,000 pieces of cloth, which 
were sold to Aquila, Sicily, Syria, Candia, the Morea, 
and Istria. 

It will be noticed that in the address above quoted 
Mocenigo lays no special stress on the spice trade, but 
there is not the slightest doubt that spices were amongst 
the most important commodities with which the Venetians 
provided a large part of the western world. Just as 
nowadays the large trade of Britain in bulky goods makes 
of this country a great entrepot for the more valuable and 
less bulky, so in Venetian times the exceptionally large 
population behind Venice receiving and supplying the bulky 
goods thus fed the shipping which brought to Venice a 
much larger proportion of the more valuable goods of the 
East than was brought to other ports. But there is 
plenty of direct evidence of the importance of Indian trade 
to Italy in the Middle Ages. It is to be remembered that 
of necessity this trade enriched other countries before it 
reached Venice, and in proof of its importance' in the 
Mediterranean generally one may call attention to the 
investigations of the Venetian Marin Sanuto Torcello about 
the end of the thirteenth century, who, we are told, saw 
with indignation that the defeats of the Christians in 
Palestine were specially due to the power of the Soldans 
of Egypt, and perceiving that their great power derived 
its nourishment from the commerce with the Indies, based 
on that observation the projects which he urged on 
Christendom for the overthrow of that power. It is 
further significant that a sea way to India should have 
been sought by Genoese as early as 1291, 2 and even more 
significant that a century later Venice should have found 
it worth while to maintain a consul in Siam. 3 

But the clearest evidence of the supreme importance of 
the Indian trade to the Italian cities is to be found in 
the results of the discovery which finally diverted from 
Venice and the Mediterranean the great bulk of the Indian 
trade until that trade had lost all the special significance 
which it had retained for thousands of years. It need 
hardly be said that I refer to the discovery of the sea 
way to India by the Portuguese in 1497-9. Of the feel¬ 
ing aroused in Venice by this discovery Romanin has re¬ 
produced, 4 from the “ Diarii ” of Priuli, an interesting 
contemporary record, written with reference to a despatch 
to the Doge probably from Pietro Pasqualigo, a Venetian 
envoy at Lisbon at the time of the return of the second 
Portuguese voyage to India under Cabral. The letter is 
stated to have reached Venice on July 24, ,1501. After 
giving the letter, in which we are told, among other 
things, how the Portuguese had charged their ships at 
Cochin with spices at a price which the writer feared to 
mention, Priuli adds: ** On the arrival of this news at 
Venice all the city was deeply moved and remained 
stupefied, and the wisest held it for the worst news that 
could reach them. For, it being recognised that Venice 
had risen to so high a degree of renown and wealth 
solely by the commerce of the sea and by navigation, by 
means of which every year a great quantity of spices was 
brought thither,' which foreigners then flocked together to 
acquire, and that by their presence and the traffic they 
obtained immense advantages, now by this new voyage the 

1 Ibid , vol. ii., p, 95. 

2 See the account of this attempt and its results so far as they are known 
in G. H. Pertz, “Per alteste Versuch zur Entdeckung des Seeweges nach 
Ostindkn “ (Berlin, 1859). 

3 Romanin, as above, vol. iii,, p. 335, note (5). 

4 As above, vol. iv., p. 461. 
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spices would be brought from the Indies to Lisbon, where 
Hungarians, Germans, Flemings, and French 1 would seek 
to acquire them, being able to get them there cheaply; 
and that because the spices that came to Venice passed 
through the whole of Syria and the countries of the Soldan, 
paying in every place exorbitant duties, so that at their 
arrival at Venice they were so weighted that what at 
first was of the value of a single ducat was raised in th£ 
end to sixty and even a hundred ducats; from which 
vexations, the voyage by sea being exempt, it resulted 
that Portugal could give them at a much lower price. 11 
So said the wisest, but it is interesting also to note what 
was said by the less wise. Priuli goes on : “ And while 
the wisest saw that, others refused to believe the story 
[these, I presume, were the least wise], and others again 
said that the King of Portugal would not be able to con¬ 
tinue this navigation to Calicut, since of thirteen caravels 
only six had returned safe, the loss would be greater than 
the advantage, and that it would not be so easy to find 
men who would consent to risk-their lives in 'so long and 
perilous a navigation; that the Sultan of Alexandria, 
seeing the loss of so fine a profit as that obtained by the 
passage of the spices through his lands, would see to 
that. ” 

But in this case it happened that the wisest were right. 
The effects of this discovery were not long in making 
themselves felt in the notable diminution in the sales of 
spices at Venice. Under the date February, 1504, Priuli 
enters in his diary, “ The galleys of Alexandria have 
entered into harbour empty : a thing never before seen.” 
In the following month the same thing happened in the 
case of the galleys from Beirut. 2 Under August, 1506, it 
is stated that the Germans at the fair of the preceding 
month had bought very little. Various remedies for these 
evils were thought of, and among these it is interesting 
to note that in 1504 the Council of Ten seriously dis¬ 
cussed a proposal to empower an envoy to the. Sultan of 
Egypt to come to an agreement with him, if possible, for 
the cutting of a canal through the Isthmus of Suez. 3 But 
the proposal was not adopted. Other efforts to avert the 
results of the great achievement of the Portuguese were 
vain. Other disasters befell the republic about the same 
time. Not only was commerce taking another direction, 
but, says Romanin, “ the wars of Italy were emptying 
the treasury, the Turkish power was despoiling the re¬ 
public step by step of its possessions beyond the sea, and 
Venice was beginning to descend'that incline which was 
to reduce it to a subordinate position among the powers 
of Europe.” 4 North Italy generally suffered at the same 
time. The withdrawal of the greater part of the spice 
trade, by diminishing the growth of wealth among the 
inhabitants, made that part of the world a less important 
market for manufactured goods. Countries outside of 
Italy, where rival manufactures had already started, were 
increasing their wealth more rapidly, and thus imparting 
an increasing stimulus to their manufactures, and these 
increased while those of Italy declined. In 1338 the 
number of woollen factories in Florence is given at 200, 
making in all 70,000 to 80,000 pieces of cloth in the year; 
in 1472 the number of shops or factories had risen to 
270, but no estimate is given of the quantity of the pro¬ 
duct ; in 1529, however, the number of shops is said to 
have sunk to 150, and the quantity of cloth manufactured 
to 23,000 pieces per annum, and in the time of the editor 
of Balducci Pegolotti the quantity was only about 3000 
pieces annually. 5 

Before going further, however, there is one point in 
the comments on the discovery of the sea way to India 
quoted above from the “ Diarii ” of Priuli which calls 
for notice. Hungarians, Germans, Flemings, and French, 
he observes, will in future go to Lisbon to get the spices 
of India more cheaply than at Venice. This remark 
illustrates the difficulty of shifting the geographical point 
of view according to circumstances, a difficulty of which 
at all times abundant illustrations can be offered. The 

1 We must recognise, with due humility, that the English are of little 
account in Venetian eyes in 1 eoi. 

52 G. Goen, “Le Grandi Strade del Commercio Internazionale proposte 
fino dal Sec. XVI ” (Leghorn, 1888), p. 71. 

3 Coen, as above ; pp. 82-3. 

4 As above, vol. tv,, p. 466. 

5 “ Della Decima,*' as above, vcl. ii., pp. 64, 105. 
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purchasers of spices who come first into the mind of 
Priuli are Hungarians and Germans. It was inevitable 
that they should be among the leading customers of 
Venice. The Hungarians were supplied from the 
Dalmatian ports which belonged to Venice. The Germans 
came by way of the Rhine and the Elbe, and then across 
the Alps, to get supplies for central, north-western, and 
northern Europe. But it was neither Hungarians nor 
Germans who came in greatest numbers to Lisbon to buy 
the spices which Portuguese ships brought from the East. 
In any case Lisbon had no advantages like those of Venice 
for supplying by land a large and rich population 
immediately behind it. The valley of the Tagus was small 
and poor, and had not the capacity for expansion in 
wealth and population which the Lombard plains had when 
the commerce of Venice began to grow. The bulk of the 
spices brought to Lisbon had therefore to reach their final 
markets by routes that did not pass through Lisbon into 
the interior. To supply the most important of those 
markets it'was the Dutch, the people who held “the 
keys of trade ” for the important valleys of the Rhine, 
Meuse, and Scheldt, who came to Lisbon in greatest 
numbers to buy spices of the Portuguese. And here it 
has to be added that, in spite of the discovery of the sea 
way to India, the Venetians continued to retain great 
advantages in the spice trade with Hungary and parts of 
Germany, as well as, of course, the northern plains of 
Italy. Things did not remain always as bad as recorded 
in the years 1504 and 1506. The Portuguese, while main¬ 
taining successfully for .a hundred years the monopoly of 
the trade in spices at the place of origin in the East, 
found their advantage in dividing the trade with Europe 
between the sea way and the Persian Gulf route, of 

which latter route they held the key since the final capture 
of Ormuz in 1515. The trade by way of the Tigris 
through Baghdad (the so-called Babylon of those days) 

and. the Euphrates to the old Phoenician seaboard was 
again revived, and was maintained as long as Portugal 
held command of the trade. It was by this route that 
the first English commercial expedition to India, that of 
Newberie, Leedes, Story, and Fitch, went out in 1583, and 
by which Ralph Fitch, the sole survivor of that expedi¬ 
tion, returned in 1591. By this route Venice got back 

some of her spice trade; not perhaps with the same profit 

to herself as formerly, but still a trade of no slight 
importance not only to Venice, but also to Augsburg, 
Nuremberg, and some of the other cities of South 

Germany. 

But beyond doubt the bulk of the trade was now carried 
on by the sea route, and we are thereby enabled to get 
a better idea both of the amount and the nature of the 
trade. On both points we get information from the 

“ Narrative ” of the above-named Ralph Fitch, who tells 
us that “ the Fleete which commeth every yeere from 
Portugal, which be foure, five, or sixe great shippes, 
commeth first hither [to Goa]. And they come for the 
most part in September, and remaine there fortie or fiftie 
dayes; and then go to Cochin, where they lade their 

Pepper for Portugall. 5t 1 Now in 1583 a ship of 500 tons 

would certainly be called a great ship. In 1572 the largest 
vessel sailing from the port of London was of 240 tons, 2 
and the largest of the first fleet of the East India Com¬ 
pany was one of 600 tons. I could give more definite 
information as to the capacity of these fleets at that time 
if I knew exactly what a salma was, for in a report on 
Portuguese trade sent to the Grand Duke Ferdinand I. 
of .Tuscany (1587-1608) we are told that the fleet con¬ 
sisted of four or five carracks of the capacity of 5000 or 
6000 salme , 3 But a salma is a term for which one. some¬ 
times gets a very, indefinite meaning, at other times 
definite but very diverse meanings, sometimes a weight 
of . 25 lb., which is obviously too little, and again a 
weight of. 1000 lb., which is probably too much. The 
large dictionary of 1 ommaseo gives this latter weight 
with an example stating the capacity of a ship: but if 
+ hat were the meaning then the carracks would be of a 
burden of from 2250 to 2700 tons, a much heavier tonnage 


1 Horton Ryley, “ Ralph Fitch,” p. 61. 

2 Ibid., p. 17. 

3 Angelo d« Gnb^rnatis, “ Memoria inferno di 
Indie Orientali dal secolo XIII a tutto it XVI,” p. 


viaggiatori Italiani nelle 
149. 
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than is elsewhere indicated, so far as I am aware, for 
vessels of the period. Probably 3000 tons would be the 
outside limit of the aggregate cargoes annually brought 
to Portugal, for in any case much room in the ships was 
required for the large crews of those days with their 
armaments, for then the idea of carrying on commerce by 
sea without being in a position to defend your ship was 
out of the question. 

Of the commodities sent home from India, Fitch 
mentions in this place only pepper, and the correspondence 
of Albuquerque with the King of Portugal soon after the 
discovery of the sea way to India clearly reveals how all- 
important the pepper trade was; but it may be worth 
while to give the complete list of the commodities which 
Ralph Fitch enumerates at the end of his “ Narrative ” 
as coming from India and the country further eastward. 
The list is not a long one. It comprises pepper, ginger, 
cloves, nutmegs and maces, camphora (“ a precious thing 
among the Indians . . . solde dearer then golde ”), 
lignum aloes, long pepper, muske, amber, rubies, 
saphires, and spinels, diamants, pearles, spodium, and 
many other kindes of drugs from Cambaia—all of them, 
it will be observed, having the character of being of high 
value in proportion to their bulk, so that a very great 
value of such goods might be carried in ships of small 
capacity. 

Fitch does not tell us what was sent in return, but 
information as to that is to be had from other sources 
and presents one or two points of interest. In 1513 
Albuquerque, after a long course of fighting, concluded a 
peace with the Zamorin of Calicut, in which it was agreed, 
among other things, that the Zamorin should supply the 
Portuguese with all the “ spices and drugs ” his land pro¬ 
duced, and that “coral, silk stuffs, quicksilver, vermilion, 
copper, lead, saffron, alum, and all other merchandise 
from Portugal ” should be sold at Calicut as heretofore. 1 
Coral comes first in this enumeration. To us at the 
present day this does not seem a very important article of 
commerce, but it was otherwise then. One Mafio di 
Priuli, writing from India in 1537 to the Magnifico M. 
Constantino di Priuli, says, “ At a great fair which is 
called that of Tremel I have seen buttons of coral sold 
for their weight in silver.” 2 That is the point of view 
of a European in India, but a native of the East Indies 
in Europe at the same date would no doubt have spoken 
with astonishment of the amount of silver that could be 
got in Europe for a few grains of pepper. Our letter- 
writer says in his cheerful, hopeful, gossiping way, “ The 
gains of these parts are other than those of Damascus, 
Aleppo, and Alexandria : for if one does not gain cent, 
per cent, from Portugal here, and from here back again, 
one thinks that one gains nothing. And three or 'four 
years would be quite enough.” 3 But, while he indicates 
how these immense gains are made, he also indicates 
clearly enough how they continue to be made—that is, 
how they are so counterbalanced by losses that if these 
great gains were not made on occasion commerce would 
cease. It was all very well to exchange your coral for 
spices, but the great matter was to get your coral out 
and your spices home in safety. The writer of this letter 
had entrusted to a friend who had left on a ship for 
Ormuz jewels of the value of 4000 Venetian ducats, but 
the jewels were lost. He believed that his friend was 
murdered. “But such losses,” he adds, “will occur.” 
Another time he lost more than 6000 ducats gold in 
Portuguese vessels going to Ormuz, and on another 
occasion he suffered great loss when Pegu was sacked by 
the King of Burma. 

These notes may serve to illustrate the conditions of 
trade in the glorious days for Portugal when fine fortunes 
were heaped up in Lisbon through trade, but the great 
bulk of humanity got very little at least directly through 
that trade ; but we have not exhausted the interest con¬ 
nected with the nature of the outgoing commodities for 
India, and to that it will be well to return. Another of 
the stipulations of the treaty of 1513 above referred to 
was that while duties were to be paid in coin “ the 
Portuguese were to pay for all the pepper and other 

1 Danvers, “The Portuguese in India.’’ vol. i., p. 283. 

2 P. 34 of the letter referred to as published at Venice in 1824. 

3 Idl'd., p. 29. 
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merchandise they might purchase in kind,” and, as the 
peace led among other things to a dearth of prizes, 
Albuquerque ” was constrained to send an urgent request 
home for large quantities of merchandise to be sent out 
to make up for this deficiency.” 1 How long this stipula¬ 
tion remained in force I cannot say, but things were 
certainly different a hundred years later. In the report 
to the Grand Duke of Florence above cited we are told 
that what the Portuguese carry to India for exchange 
is above all “ silver in reals, and besides silver wine, 
oil, and some other sort of merchandise, such as coral, 
glass, and the like, of little importance”; and as to the 
silver he adds that “ the reals bring a gain of more than 
50 per cent, as soon as they have reached India, for the 
real of eight, which in Lisbon is worth 320 reis, in India 
is sold and spent at the rate of 480 to 484 reis of that 
money, and with it one buys all sorts of spices and drugs 
which are sold there, except pepper, which is the monopoly 
of the King of Portugal and those to whom he gives a 
lease of that trade.” The importance of silver among the 
outgoing commodities for India has continued from that 
time down to the present day, latterly, however, in 
diminishing proportion. For a long time after the date 
at which we have now arrived it was as predominant as 
a means of exchange with India as it was in the first 
century of the Christian era, when the drain of silver 
from the Roman Empire to the East was bewailed by the 
writers of that time. In the voyages of the English East 
IrteU# Company of the four years 1620-3 inclusive the 
valu^lQf the bullion (chiefly silver) sent out to India was 
205,716^. as*apainst only 58,806k worth of merchandise. 2 

Now, w*Wt js the meaning of the change in the position 
of silver in Tndihn ||ff$de which seems to have taken place 
between 1513 and •vfhejend of the sixteenth century? No 
doubt we rnay see the result of another change in 

geographical relations brought about by a discovery nearly 
contemporaneous with that of the sea way to India—- 
namely^'rhat of the New World. The first result of that 
discovery? *bf importance to commerce was the pouring 
into Europe of large quantities of the precious metals, 
and the quantity was enormously enhanced after the silver 
mines of Potosi, in Upper Peru (as it was then called), 
were discovered in 1545. It was probably this discovery 
that bright it about that of all commodities of such 
small ftulK in proportion to their value as to stand the 
costs of transport to the East this was the one which 
could be sent out for the most part with the greatest 
advantage. And this discovery no doubt also helps to 
explain ^hy that of the sea way to India had so little 
effect for a very long time in lowering the prices of spices 
in Europe why prices even rose. At the time of the 
return of Vasco da Gama from the first voyage to India 
the price of pepper at Lisbon is estimated by Danvers 3 
to have been about is. 5 d. per lb., and we all know 
that the immediate occasion of the foundation of the 
English East India Company about a hundred years later 
was that the Dutch suddenly raised the price of pepper 
against the English from 35. to 65. and 85. per lb. 

But the particular commodity which made up the prin¬ 
cipal portion of the outward trade to India is, after all, 
a matteiv of detail, though not unimportant detail. The 
main pojjt^ on which I want to insist is that, whatever 
the com.modities were, whether carried out or home, the 
nature of the trade with the East was little if at all altered 
bv the discovery of the direct route to India by sea. The 
trade still continued to be one concerned in a moderate 
number of articles of small bulk but high value. It was 
merely a change of route that the Portuguese effected, 
and for more than a hundred years they remained in sole 
command of this route. After that, however, they were 
ousted from the greater part of this trade, and that the 
more valuable part, chiefly by the Dutch, and from a 
geographical point of view it is very interesting to note 
how the Dutch did it. They did not trouble themselves 
much about India proper. They left the Portuguese alone 
at Goa, and from that port as a base allowed them to 

1 Danvers, vol. i., pp. 28 f, 286,, 

2 I take these figures from p. 6 of the appendix to P. Colquhoun’s 
“ Treatise on the Wealth, Power, and Resources of the British Empire,” 
and ed.. London, 1815;. 

3 As above, vol. i., p. 64. 
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pick up as much trade as they could at Calicut and 
Cochin, which, said Albuquerque, ” were capable of 
supplying the Portuguese fleets until the Day of Judg¬ 
ment.” But Malacca, on the straits of that name, gave 
command of the route to the further East, whence came 
in the end even larger quantities of pepper than could be 
got from India, whence came too ginger, cloves, and nut¬ 
megs, as well as the products of China. The importance 
of this place Albuquerque had accordingly recognised, and 
in 1511, the year after he took Goa, he took it also by 
the right that always belongs to the lion as against the 
jackal. This place was taken by the Dutch (1641), who 
had previously established themselves on Java and the 
Spice Islands, where they maintained an absolute 
monopoly. Ceylon^ again, was (and is) almost the only 
place from which the true cinnamon was to be obtained, 
so the Dutch took that island also from the Portuguese 
(1656). As long as the Portuguese were the sole Euro¬ 
peans in the East, Calicut and Cochin not merely furnished 
the Portuguese with Indian wares, blit were important 
entrepots for the spices, perfumes, drugs, and jewels of 
the Further East as well as of Chinese silks and porce¬ 
lains ; but the trade in these commodities could be wholly 
or largely diverted to places in the possession of the Dutch. 
Fiven before the capture of Malacca and Ceylon a 
Portuguese viceroy had reported (1638) that the Dutch had 
a monopoly of trade from the Bay of Cochin China to the 
point of Sunda. 

But this change also was little more than a change of 
route. The general character of the Eastern trade re¬ 
mained the same. The English East India Company, the 
operations of which, through the hostility of the Dutch, 
came to be restricted to India proper, there founded a 
trade that gave much more opportunity for expansion 
under modern conditions than that of the Dutch, but for 
a long time it retained the same character. All the com¬ 
modities enumerated by Colquhoun as brought back by 
the voyages of 1620-3 in exchange for the bullion and 
merchandise sent out were pepper, cloves, mace, nutmegs, 
Chinese and Persian raw silk, besides calicoes, the sole 
manufactured article, and one of course that had relatively 
a much higher value than now, when the direction of the 
trade in that commodity is reversed. 

A similar character for a long time belonged to the 
trans-Atlantic trade, even though the costs of transport 
in that case were less, and favoured the development of 
a trade in somewhat bulkier commodities. Furs from the 
Far North, tobacco from Virginia, sugar and afterwards 
coffee and cotton from the West Indies, were by far the 
most prominent imports. It was the tcbacco trade of Vir¬ 
ginia that first enabled Glasgow, which at the time of the 
union of the English and Scottish Parliaments was an 
insignificant town with less than 13,000 inhabitants, to 
convert itself into a seaport, and thus lay the foundations 
of its subsequent prosperity. Now tobacco makes up less 
than 1 per cent, of the value of the goods imported at 
Glasgow, and, though that may be partly due to a diminu¬ 
tion in the actual quantity of tobacco imported at Glasgow, 
this result has chiefly been brought about by changes in 
relative values. A hundred years ago the value of th^ 
imports into Great Britain and Ireland from the British 
West Indies was about one-fourth of the total value of th° 
imports from all parts ; now it is less than 1 per cent, cf 
that value. 

What has brought about such changes, what makes the 
essential difference between recent and all previous com¬ 
merce, is the series of enormous improvements in the means 
of communication which followed so closely on the inven¬ 
tion of textile machinery and the improvement of the 
steam-em?ine in this country. These improvements have 
had two important effects on commerce. First, they have 
facilitated the maintenance of order and security both by 
land and sea, and thus enormously reduced the risks r f 
commerce. Secondly, they have directly lowered the cost 
of transport for different goods in different degrees. Bulky 
goods of little value could now for the first time be profit¬ 
ably conveyed many hundreds of miles by land to a sea¬ 
port, and there load ever larger ships for distant shores, 
thus opening up markets with vast undeveloped resources 
in the heart of great continents. Along with these bulkier 
goods the more valuable goods are carried at a cost far 
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below that of former times, so that for such commodities 
as pepper the mere freight is almost a negligible item. 

At the present day there can be no doubt that in point 
of quantity the spice trade is much larger than it. ever 
was. If Venice could get the whole of that trade into her 
hands, a thing which she never had, notwithstanding the 
patriotic boast of Doge Mocenigo, the trade would not 
now bring her a tithe of the wealth which it brought in the 
days of her grandeur. Much has been said of the sudden 
4t fall n of the Portuguese' and Dutch in turn, .and that 
fall has often been explained by mistakes in method. “ The 
fall of the Dutch colonial empire resulted,” says Sir William 
Hunter, “ from its short-sighted commercial policy. It was 
deliberately based upon a monopoly ■ of the trade in spices, 
and remained from first to last destitute of sound economical 
principles.” 1 But one may well ask, Did the Dutch ever 
fail in a manner for. which they were in any way respon¬ 
sible? It is true that the Dutch East India Company did 
not supply as many people as they could ' with the spices 
of which they held* the monopoly. But that was not their 
aim. It is true that they did not build up a great empire 
like that of the English East India Company. But neither 
was that their aim. Their aim was to declare dividends, 
and dividends they declared. The profits of the company 
down to 1720 averaged 20 per cent, per annum, never sink¬ 
ing below 15 per cent., and sometimes rising to 50 per cent. 
If spices ceased to enable them to declare such dividends 
that was not their fault. It was James Watt, George 
Stephenson, William Symington, and Robert Fulton, who, 
without intending it, and without being able to foresee 
what in this respect they were destined to do, sucked the 
value out of pepper, and that in a manner which neither 
the strength of armies nor the subtlety of statesmen could 
have done anything to prevent. 

Now the countries that offer the most attractive markets 
for the greatest quantities of goods of all kinds are no 
longer those which look to the spice trade or to trade in 
any specially valuable commodities for their enrichment, 
but those which abound in coal so placed as to develop a 
great amount of manufacturing industry, an industry en¬ 
gaged for the most part in working for the million, not 
merely in producing the luxuries of the rich. The com¬ 
modities of very small bulk in proportion to their value 
now have a comparatively insignificant place in commerce. 
The precious metals and precious stones still indeed retain 
a good deal of their former importance. But very few 
vegetable or animal products can be put in the same cate¬ 
gory. Rubber, indeed, may be reckoned as one, and very 
handsome profits are reaped from some rubber estates. 
But everyone knows that such exceptional profits can be 
reaped only for a short time. Of animal products orna¬ 
mental feathers are the most valuable in proportion to their 
bulk. Egrets’ feathers, I believe, are seldom worth less 
and often worth a good deal more than twice their weight 
in gold, but ornamental feathers altogether make uo less 
than a third of 1 per cent, of the total value of British 
imports. 

Perhaps the greatest feature of mudern commerce is the 
unparalleled manner in which it has promoted the increase 
of nooulation nearly all the world over. Rendering b 
possible for manufacturing and commercial peoples to depend 
in a very large* measure for their very means of subsist¬ 
ence on supplies brought from the ends of the earth, it is 
rapidly pushing the settlement of vacant land to the base 
of the mountains and the edge of the desert. Fifteen years 
-ago Prof. Bryce said, “ We may conjecture that within 
the lifetime of persons now living the outflow from Eurooe 
to North America will have practically- stopped.” 2 We 
are at least nearing the time when the “ new lands ” of 
this earth in the temperate zone will all have been allotted. 
The results of such a check to expansion after, a .long 
period of stimulation to expansion must be momentous, 
but what the nature of these results will be I for one 
confess that I am unable to foresee. I am, however, con¬ 
vinced that, if we are to be enabled to make any probable 
forecast as to the course of future development, one of 
the most important aids to that result must consist in the 
study of the relations of geography and history from the 

1 “ Imperial Gazetteer of India,” 2nd ed., vol. vi., p. 162. 

2 “The Migrations of the Races of Men considered Historicall}-,” in the 
Scottish Geographical Magazine, 1892, p. 419. 
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point of view which I have endeavoured to indicate. To 
study these relations merely with reference to the imme¬ 
diate causes and effects of wars and treaties-gives little real 
insight into the working of geographical influences in his¬ 
tory. As in the study of the human body medical men 
have recognised the necessity of -ascertaining with the aid 
of the microscope the normal functions of the cells of 
which the body is composed, the pathological states that 
interfere with their normal working, and the effects on one 
part of the body of minute disturbances of function in 
another part, so in tracing the course of history it is 
becoming more * and more recognised that the minute 
gradual silent changes must be inquired into and taken into 
account, not merely in relation to the regions in. which they 
take place, but in relation, it may be, to regions far dis¬ 
tant. Such studies, it is true, are not confined to the 
geographer. In them, indeed, the geographer must seek 
the aid of workers in other fields: but there can hardly be 
a doubt that it must help greatly towards arriving at a 
sound solution of the problems presented to keep steadily 
before one the geographical point of view. The field for 
such studies is. of course immense, the material perhaps 
not all that could be wished; but I can imagine no task 
more delightful for those who have the opportunity to 
engage in it than that of seeking out and examining from 
that point of view such material as actually exists. 


NOTES. 

The death is announced, at the age of Mtji-onf^ears, of 
Prof. Emil Petersen, professor of the Uni¬ 

versity of Copenhagen. Prof. Petenffn^/^s a pupil of and 
collaborator with Prof. Jorgensenyimfl was well known 
for his researches in physical and analytical chemistry. 

We regret to see by the Scientific American tlTStt Prof. 
Angelo Heilprin died on July 17 at the age o^flTty-four 
years. 

The sum of 900 1 . has been given by Mr. W. H. Crocker, 
of San Francisco, to the University of Californi^ror the 
purpose of defraying the expenses of an expeamon to 
observe the total solar eclipse of January 3 nlsn^which 
will be visible on the Pacific coast. 

The Board of Trade is about to constitute a special 
temporary branch (under the direction of Cdftfhel Sir 
Herbert Jekyll, K.C.M.G.) for the purpose of dffeflffig with 
matters relating to London traffic so far as they come 
within the scope of the Board. 

Mr. H. C. Plummer, assistant in the Oxford University 
Observatory, has been appointed to a fellowship at the 
University of California in connection witlr the Lick 
Observatory on Mount Hamilton. 

In reply to a question put to him in the House of 
Commons on Thursday last by Mr. McCrae, t he m ember 
for Edinburgh, East, as to whether he was in jh 3 osition 
to say if he was able to accede to the request of the 
Scottish members of Parliament for a grant to the Scottish 
Meteorological • Society for the purpose of reopening and 
maintaining the Ben Nevis observatories, the Chancellor 
of the Exchequer said the only scheme which had up to 
the present been placed before him was one under which 
the whole cost of the re-equipment and maintenance of the 
observatories would be thrown upon public funds, and to 
this he did not feel justified in assenting. He was, how¬ 
ever, quite prepared to consider the question of renewing 
the Government grant, which was for many years given 
to these institutions through the Meteorological Council, 
provided that an adequate contribution towards their re¬ 
establishment and maintenance were forthcoming from 
other sources. 
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